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A STUDY OF 1200 CASES OF GUNSHOT WOUNDS OF 
THE ABDOMEN. 

BY CUTHBERT WALLACE, C.M.G., 
Consulting Surgeon, Brilislc Expeditionary Force in Fratice. 

THE expectant treatment of abdominal injiiries was the method of choice in 
the armies of all the combatants at the beginning of the war. Gradually, on 
every side, the operative has replaced the older method. In  thc Lettsomiaii 
Lectures, 1917, I traced this change in treatment in the Rritisli army, and 
shortly described the method of examination, the injuries, and methods of 
dealing with them. The present paper is a summary of thesc lectures, togethcr 
with some further analytical tables, and i t  is intended to  scrvc as an introduc- 
tion to  articles by other surgeons dealing with the same subject. 

Although i t  is very difficult t o  compare the results of the two methods, 
expectant and operative, some interest attaches to  the figures obtained in 
the two periods respectively. The figures iii the pre-operativc periods had 
to  be taken from thc admission and discharge boobs of the field ambulances 
and casualty clearing stations, as no separate books werc kept ,  consequently 
the figures could only bc computed. In  the second period special books were 
used, and the figures may be taken as approximately correct. 

Mortality In the Pre-operative Days.-Into nine field ambulances over 
a period of six months there were admitted 1098 abdominal wounds, with 
333 deaths-a mortality of 30.00 per cent. In  the six casualty clearing 
stations during the same period there were admitted 131 cases of perforating 
abdominal wounds, with 73 deaths. From these figures it appears that the 
total mortality in the field ambulances and clearing stations was about 70 pcr 
cent. 

There were also the deaths at the base in France to  be added, and 111 the 
prc-operative days to  which we now allude, many such deaths occurred whlch 
would, as far as can be judged, bring the mortality up to  about 80 per cent. 
Makins gives the death-ratc at the base among small-gut wounds as 84 per 
cent, and among colon wounds as 46.4 per cent in this period. 

As showing the difficulty of arriving at accurate figures, it was stated 
by some people that 80 pcr cent of abdominal wounds recovcrcd. 

Selection of Cases for Rapid Evacuation.-The rapid cvacuation of all 
abdominal cascs to the casualty clearing stations puts a great deal of responsi- 
bility on the field ambulancc officers. It is 110 light task to  decide what cascs 
can stand cvacuation-in fact, i t  is one of the most difficult things that  a 
medical officer is called upon to  determine. Many patients, of course, are 
better for rest, and food and warmth, but in the case of nbdominal wounds 
it must be remembered that hacmorrhage is a chicf cause of death ; and that  
the only hope for their salvation lies in the arrest of the hxmorrhage by 
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surgical means. It is therefore obvious that it is worth while taking risks in  
cases of abdominal wounds which it would not be right t o  take in other cases. 
Thew is also the danger of death from peritoneal affection, but experience 
has shown that the need for celerity on this account is as nothing compared 
to  that  neccssary on account of hrmorrhage. 

Relative Frequency of Abdominal Wounds.-The number of abdominal 
wounds admitted to  the field ambulances and casualty clearing stations is 
known, siibject to  certain errors caused by the difficulty of accurately 
diagnosing a perforating abdominal wound. Since the onset of the operative 
treatment the errors, of course, have diminished. The number counted as 
perforating varied with each observer, and a surgeon who believed in the 
expectant treatment was inclined to  reckon wounds as perforating which a 
believer in the operative treatment would have classed as non-perforating. 

Percentage of Abdomanal Perforatang Wound? to Total Wounds.- The 
€ollowiog figures were taken in certain casualty clearing stations by careful 
observers, but of different surgical persuasions, during a period in which thc 
cxpectant treatment was paramount (1) 1.88 per cent, (2) 1.5 per cent. 
(3) 0.75 per cent , (4) 0.62 per cent. If we take the statistics from nine field 
ambiilances and certain casualty clenring stations over a period of six months, 
we get the following figures field ambulances, 1.92 per cent, casualty 
clearing stations, 0.72 per cent. 

The difference between the figures in the field ambulances and casualty 
clearing stations IS accoiinted for in the following manner (1) The field 
ambulance would naturally and rightly err on the side of making the graver 
diagnosis , (2) The mortality was high in the field ambulances, so that fewer 
cases reached the casualty clearing station, (3) At the casualty clearing 
station a more careful diagnosis acted in two ways ( a )  It iiicluded somc 
buttock, chest, back, and thigh wounds as abdominal wounds (b) It excluded 
niaiiy cases of wounds of parietes. On the whole the effect was to lessen the 
proportion of abdominal wounds to  total wounds. It is probable that, 
with the rapid evacuation, the number of abdominal cases that reach thc 
surgeon has appreciably increased. 

From these figures, which must be considered only approximate, oiic 
important fact stands out, namely, the relatively small number of abdominal 
wounds that a surgeon is called upon to  treat. 

Metbod of Recording Cases.-This paper is based on all abdominal 
wounds which reached an operating hospital from a certain sector of the line 
over a period of eighteen months. In  forming an estimate of the mortality of 
sbdominal wounds, and what can be done for them by operative treatment, 
i t  is necessary to  include all the cases, no matter a t  what hospital they arc 
treated. Results differ in different hospitals, more or less depending upon 
their distance from the firing line , they will also differ according to  the nature 
of the fighting. Again, if times are quiet, there IS plenty of time to treat all 
cases adequately and deliberately. At another time, when active operations 
are in progress, it may be only possible to pap attention to  the most favourable 
cases. It is therefore necessary not only to  reckon the operative mortality, 
but also to  bring into account all cases which die without operation. This 
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has been done in the present series. I n  the caseof the moribund, we hare  
their numbers, but we do not in every case possess details of the inpry. 

Every hospital which 
was called upon to  treat abdominal cases was provided with a book in which 
certain headings were written down, and these were filled in at the time of 
operation by the medical officers. These books were provided by the 
Medical Research Committee. 

Comparative Mortality at Different Hospitals.- Table 1 shows the 
variations in results which may be obtained in different hospitals. 

The statistics were collected in the following way 

Table 1. 

UNlT 
MORTALITY I -  Total 1 operative 

t I 
I I 

(1) A casualty clearing station 
(2) 
(3) An a&iominaI Lospital” 
( 4) ,) , I  

(5) A casualty clearmg station 
(6) An abdominal hospital 

5 4 0  I 490 
72.7 - 
30.4 
82.6 48.8 
50’0 44.4 
56.4 1 52.0 

Nofe  (I),. (Z), (3), (4) During same battle. (5) Same as (1) 
(6) Same as (8) in a quiet time over a six but in quiet time. 

months’ period. 

The Time Factor.-Table 2 was compiled by dividing the time betwecn 
the receipt of the wound and the performance of the operation into two-hourly 
periods, and noting whether cases were sent to the bases or succunibed to  their 
injuries. (1) It gves  some idea of the time in 
which cases are got out of the trenches and siibmitted to  operation, and (2) 
It shows the effect on the mortality of the time which has elapsed betwecn 
the receipt of the injury and the performance of the operation. It will be seen 
that  most cases arrive some time between six and ten hours after the receipt 
of the injury. Up to  six hours the chances are in favour of the patient, after 
this period they are always against him. Table 3a gives a list of a few 
cases In which patients have died after an unexpectedly short period, and also 
R few of those in which recovery has followed the lapse of a long period between 
the receipt of the wound and the operation. So far the limit of successful 
cases has been thirty-six hours for a resection of the small intestine, the same 
period for a suture of the colon, and the same for a suture of the stomach. 

It mainly shows two thiiigs 

Table 2.-591 CASES SIlOWlNG TllR EFFECT OF TIME ON THE ~ ~ O B T A L I T Y .  

- 1- 
To base. 
Died 

?? I P4mdorar 

4 70 
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Table 2a. 

LIours 

TO BASE (RECOVERTFS) 

Hours 1 In1 ury Injury or Geuse of Death 

24 
57 
24 
30 
48 
26 
15 
65 
72 

I 
Colon 

' Bladder 
Sigmoid 
No visceral injury 

S t o m n c 11 
Rectum-estraperitoneal 
CoIon fistula 

Jejiinum 

DIED 

Gas gangrene of abdominal wall 
Small gut and peritonitis 
Stomach and duodenum 
Small gu t  and hxmorrhage 
Stomach 
Multiple wounds of small gut 
Colon 
Spleen, excision of, €or hzmorrhage 

Nature of the Projectiles that Cause the Wounds.- 
RuZkts.-There are very many different kinds of bullets used in this war, 

aiid apparently their number goes on increasiiig. As is well known, the 
standard English, French, and German bullet is a pointed one. The English 
atid German is a composite projectile which is liable to  break up into mantle 
and core. The Frcnch bullet IS milch longer than either of the above, and is 
made of solid copper alloy. Although not liable to  break up, i t  is liable to 
very great distortion. Naturally we are mostly concerned with the German 
projectile, which, as a rule, IS  pointed, but sometimes the old ogival-headed 
bullet has been extracted from wounds. All the modern pointed bullets are 
more unstable than the bullets of the Boer war. The instability is said to be 
most marked a t  the beginning and the end of the flight. In thls war, where 
the fight takes place amongst houses, there are many opportunities for the 
bullet t o  be deformed and deflected. Again, the velocity and stability of a 
bullet is largely affected by passing through sandbags or a parapet, which, as a 
matter of fact, has to  be something like 4 feet thick to  be bullet proof. There 
is plenty of evidence that, whether from inherent instability or from hitting 
some object, the bullet does spin, and in several cases a bruised impress has 
becn seen on the skin which could only have been made by a sidelong Impact 
of thc biillet. Again, in those cases where two legs have been wounded by the 
same bullet, the first leg has been perforated by a small standard track, and the 
opposite leg has suffered a large gaping wound, the obvious explanation being 
that  thc bullet in passing through the first limb was made to spin, and so 
caiised a more extensive wound on the opposite member. A good deal has 
been heard about the explosive effect of the modern pointed bullet, and 
although one may say that  it does cause worse wounds than the ogival-headed 
projectile, I am by no means persuaded that its so-called explosive effect is 
anything biit a very rare occurrence. I am strengthened in thls opinion by 
the study of accidental wounds, of which one sees a great number. Men are 
shot at all sorts of close ranges, up to actual contact, and yet, unless a hard 
bone is touched, i t  is not iisiial to get the explosive type of wound. 

SlzelZ Frugtnents.-These are, of course, of all sizes, but the fragments 
which are the cause of the abdominal wounds that  thc surgeon is called to  
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treat are generally not more than 13 inches in the greatest diameter-usually 
a good deal smaller. There are different kinds of shells used, and some import- 
ance may be attached to the nature of the shell by which the man is wounded. 

High-exploszve Shelk-These shells may burst in the air, on contact with 
the ground, or after they have impacted themselves deeply in the earth. The 
velocity of the fragments into which the shell is blown depends on the disrup- 
tive charge. ‘and the fragments under such a condition fly out in all directions. 
13ut the shape of the fragments depends largely on the type of shell-if the 
shell is segmented, the pieces are more or less quadrilateral , if  not segmented, 
they are still often of quadrilateral shape, and have extremely sharp and ragged 
edges. Such shells, bursting on the ground, naturally become covered with 
dirt. 

They 
are of all sizes, and the leaden balls with which they are filled also vary some- 
what in size. The penetrating power of such balls is due to  the remaining 
velocity of the shell. The direction of the shrapnel balls will, as a rule, bc 
downwards. In  some cases a shell is apparently of a combined high-explo- 
sive and shrapnel type. 

Bombs and Grenades.--In the early part of the war these bombs were 
often extemporized, and consisted of tin boxes filled with an explosive, scrap 
iron, cobblers’ nails, and screws, etc. Nowadays they are made of iron, the 
surface of which is marked with grooves, so that  on explosion they break up 
into quadrilateral fragments. Sometimes the force of the explosive will cause 
a bomb to burst into smaller fragments, often no bigger than a big match- 
head. Although small, these fragments have-apparently from their high 
velocity-a very great penetrating power in the immediate neighbourhood of 
the explosion, though this is rapidly lost as the distance increases. 

Trench APortars.-Bombs from these are of various shapes, but consist 
essentially of a very large high-explosive charge with a comparatively thin 
containing envelope , they therefore very often burst into large ragged frag- 
ments as well as minute ones. They are generally timed to  burst either on 
the ground or in the ground. 

Bagonet Wounds.--These are ’very seldom met with, being usuaIly fatal 
on the field. Mention may be made of two cases In  the first the bayonet 
penetrated the man’s back and came out by his umbilicus, no viscus was 
iiijured, and the man succumbed to  hamorrhage. The second was the case of 
a man who was late in answering a challenge and was bayonetcd by the sentry, 
the bayonet entered the left hypochondrium, wounded the greater curva- 
ture of the stomach. and entered the back wall of the abdomen, though 
promptly operated on, he died-not of his stomach wound, but of rctro- 
peritoneal sepsis. 

Relative Number of Different Projectiles, and the Proportion Retained. 
-Table 3 has been drawn up with the intention of giving some idea of the 
relative freqiieiicy of the different projectiles met with in abdominal wounds, 
it also shows the number retained in the body This table must be talieii as 
only approxiniatcly correct for several reasons. In  the first place, I t  is oftcn 
impossible for a man to  tell what hit him. In  the second place, one cannot 
always br surc from a study of the entrance and exit wounds what was the 

Shrapnel.-These shells usually biirst in the air with a time fuse. 
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naturc of the projectile, and again, many do not dilfercntiate between high- 
explosive shell and shrapnel, the soldier generally including most shells which 
are not of a large calibre under the name of shrapnel. As a matter of fact 
therc is very little difference in the nature of the fragments in high-explosive 
shells, bombs, rifle grenades, or trench mortars, if one excludes the larger 
fragments, with which we are very little concerned. 

Table 3. 

out I 203 6 
Retained 1 131 

Total I 334 I 284 I 82 1 134 

Bullets.-Bullets and high-explosive shell furnish a large proportion of 
abdominal wounds. More bullets pass through the body than other projec- 
tiles, the reason for this is obvious. The causes for retention are not1 SO 

obvious, and I have known bullets, fired a t  a comparatively short distance, 
rcmain within the body. In  other cases the bullet may have passed through 
the earth, and so have had its velocity diminished. Ricochets account for a 
certain number. 

Shells.-These show a high proportion of retention, which is obviously due 
to  the shape of the fragments. 

Bombs and Grenades.-The retained fragments are strikingly In excess of 
those passed out. 

The large proportion of retained fragments at once suggests the possi- 
bility of armour, and no doubt armour could be devised which would keep 
out many fragments. It really is more or less a question of what the soldier 
1s able to carry. One cannot help being struck with the resistive power 
of an ordinary book, as one has often seen projectiles arrested by such articles 
whcn carried by the soldier. The great saving of life effected by the steel 
helmet makes one hope that something may be produced equally efficacious 
in protecting the body Although we coiild not expect such shields to be 
supportable and at the same time bullet-proof, yet the number of bullets IS 

greatly outnumbered by shell and bomb fragments, which possess far less 
penetrative power. 

Relative Mortality of the Different Projectiles.-The following table 
shows that bullets arc but little less dangerous than shells, and that bombs 
and grenades arc the least noxioiis. 

Table 4. 

Total I 197 I 259 I 55 I 118 
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General Incidence of Wounds. - The charts (Figs. 415, 416) were 
made by plotting the entrance wounds on the front and back of the body 
respectively The wounds of the back form a substantial proportion of the 
whole. There IS a tendency for the wounds to  collect towards thc sides, 
especially on the back of the body. 

The comparative absence of mid-line wounds is also scen in Fig. 417, 
which represents the wounds in cases too bad for operation when they reach 
a casualty clearing station. This distribution is brought about by the presence 
In the mid-linc of the spine and the great vessels. Men shot in these situatioiis 

FIG. 416.-Re~ionsl mcidence of FIO. 41G.-Regional incidence of 
wounds. Front view. 429 wounds. wounds. Back view. 22-3 wounds. 
Mortality 53 per cent. Mortality GO per cent. 

die oil the field of battle. The collection of woiinds towards thc sides of the 
body may possibly also be caused by the fact that a man's front and back 
arc morc or less protected in the trench, while the sides of the body are open to  
eiifilade fire. Many of the woiinds on the back, especially those of the buttock, 
and thigh, are due to bombs and rlnc grcnadcs, a man instinctively turning 
his back to  snch a projectile in attempting to get away from it. Thc posterior 
wounds show a larger proportion of deaths than the anterior. 

Influence of the Position of Wound and Direction of Missile on 
Prognosis. - 

CASES TOO SERIOUS FOR OPERATION.-The chart (FiZ. 417) mas obtained 
by plotting the entrance wounds and the track of the bullet, when known, 

VOL. 1V -NO 16. 45 
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in thosc cases which arrived a t  thc casualty clearing station in such a condition 
as to preclude any operative proccdure , they all died. It IS rather striking 
to notice how the chart becomes blackened in a fan-shaped area, the apex of' 
which is the left hypochondrium. Again we have a comparative absence of 
mid-line wounds and of hypoga$tric wounds. This must not bc taken as 
meaning that hypogastric wounds arc not dangerous, but only that they do 
not cause such injuries as to render operation uselcss. Tlic side-to-sidc 
wound would appear to be the most dangerous among wounds that reach an 

--.___ , . * -  .___.. 

O n f i e  of 
uermifwm procwa 

FIG. 417.--Chart of cases too seriously wounded to be submittad to operation, 
all being fatal. A black dot repre.ients an anterior wound, a circle a posterior 
wound, the track of the projectile is shown by a line. 

operating iiiiit. This seriousiicss was noticed iii the Sorith African campaign. 
In 68 cases a post-mortem was performed, Table 5 shows the injuries, and 
Table 6 the numher of times individiial organs were hit. 

In nearly evcry casc therc was much blood in the abdomen, and in 13 
cases the note is made that death was due to hicmorrhage. In only 5 cases is 
shock noted as the cause of death (1) One pcrforation of ileum with a 
shattered 0 s  ilium, (3) Multiple wounds of small grit, 110 blood in belly, 
(3) Shock, no other details , (4) Wound of ileum and sigmoid , peritonitis 
and shock, ( 5 )  Wound of rectum and sniall gut. In oiic casc retroperitoneal 
sepsis was noted as the cause of death. In  only thrcc instanecs was periton- 
itis deemed the cause of death. The number of times the small gut mas 
iiijiired is the salient feature in the series, and perhaps another interesting 
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point I S  that the stomach figures five times. 
were responsible for death in twelve instances. 

Wounds of the solid ogans  

Table 5.-sIiOWING INJURIES IN hIORIBUND CASES. 

Stomach and kidney 
,, colon 

,, ,, liver 
,, kidney, spleen, and pancreas 

., ,, and colon 
,, ,, ,, rectum 
,, ,, embolism from wounded 

carotid 

,, and kidney 

Small gut 

Colon 

Hectum 
Liver 

3 
1 
1 
1 
27 
4 
2 

1 
5 
1 
2 
8 

Liver and spleen 
Liver and kidney 
Spleen and kidney 
Bladder 
Paraplegia and acute dilatation of 

Prolapse of stomach, small gut, and 
colon 

,, colon, and spleen 

,, spleen and splenic flexure 

stomach 

small gut 

Wound of internal iliac vein 

Total Cases 

2 
1 
1 
3 

1 

1 
1 
1 
1 
1 

G8 
- 

Table O . - - S ~ o w i ~ a  THE NUMBER OF TIMRS INDIVIDUAL OHCANS WERE WOUNDED. 

Stomach 5 
Small gut 34 
Colon 10 
Spleen 4 
Liver 13 

Kidney 5 
Rectum 4 
Bladder 3 
Pancreas 1 

In the chart (Pig.  417) are a good many buttock woiinds. From 
cxperience gained in operating on such cases, me must regard lesions of thc 
pelvic vessels as a frequent cause of death. The low horizontal level of 
the maximum-fatality area seems to show that  combined thoracic and 
abclominal wounds arc not immcdiately fatal, though some observers think 
that the combination is very fatal after operation. 

(1) A 
wound of the upper pole of the left kidiiey and lower pole of the rifiht, wound 
of ascending colon, paraplegia, fatal. (2) Wound of the right kidney arid 
spleen, vertebra penetrated , no paraplegia , fatal from splenic hzniorrhage. 
(3) Spleen torn to its anterior edge, left kidney perforated through its centre, 
upper pole of right kidney destroyed, fatal (bullet). (4) Wouiid of the lcft 
kidney and the posterior surface of the ascending colon , fatal. ( 5 )  Hepatic 
and splenic fiexurcs alone wounded, fatal. 

CASES I~ECOVERING WITHOUT OPERATION.--Fig. 418 was obtauwd by 
plotting the entrance wound and the track of the brillet, when known, 111 

cases that recovcrcd without operation. Most of these wounds lie within 
the liver area. The chart also shows wounds i n  various other parts of 
the abdomen, and the explanation of their recovery, as will be seen later. is 
most probably due to the fact that  the hollow viscera had escaped although the 
abdomen had been penetrated. 

aiiiong the least serious of all abdominal penetrations. 
are, howcver, serious, cspccially if they are far back. 

Some curious instances of side-to-sidc wounds may be of intcrest 

IVOUXDS ABOVE TllE TRANSPYLORIC PLAXX.- WoLt:ldS 111 this region are 
Sidc-to-sldc wouncls 

Woiinds which enter 
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thc abdomen from above downwards such as are described as vertical, are 
also scrious. Sometimes one has great surprises, however, and one case 
may be mentioited in which a soldier was shot accidentally by a revolver biillet 
which entered above the blade-bone and WRS taken out of the gastrocolic 
omentimi, no hollow viscus was injured. and 
recovery. 

seldom seen in hospital. 
portion of the stcmach lie within this area. 

Eptga.sirac Wounds.-In thc mid-line true 
The lesser curvature, 

I 

the man made a complete 

aiiteroposterior woiirids are 
the esophagus, and a largc 

FIQ. 418.-Chart of cases that recovered without operation. 
Dots, circles, and lines have the same significance as In Fig. 417. 

Wounds 111 this region are iisually accounted as stomach wounds, and 
recovery is often reckoned as an iiistance of 4pontaneoiis healing. Operation 
has proved that in some cases the projectile misses the stomach and perforates 
the gastrohepatic omentum. Naturally, wounds in this region will oftcri 
involvc both snrfaces of the stomach. Epigastric mounds have not main- 
tained their reputation as favoiirable lesions. 

Anteropostemor Hypochondraac Wounds. - - On the right the liver will be 
perforated, on the left thc cardiac arca of the stoiiiach as well as the greater 
curvature. Towards the lateral line of the body, the kidneys. spleen, and 
splenic flexure will be involved. As far as the liver and stomach are concerned, 
they a y e  liable to a similar wound to  that met with in  the epigastric region. 
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Oblique Epzga-strzc and Hypochondrzac Wounds.-When thc woiinds are 
oblique from side to side. no distinction can be drawn between the two regions, 
as projectiles traversc both. These wounds are decidedly niorc dangcroiis 
than anteroposterior wounds. Indeed, they become more fatal as they get 
more oblique. On the right side a greater length of liver is traverscd, and the 
dangers of hmnorrhagc and scpsis are increased. On the left the stomach is 
perforated more aiid more obliquely, until a point is reached when the axis or 
flight of the bullct bccomes parallel t o  the anterior wall or greater curvature. 
The rcsiilt is cither a long slit or a doiiblc hole through which the contents 
leak freely. Thc spleen, kidney, and splenic flexures will also a t  times be 
involved with the stomach. Wounds of the kidney and spleen arc a fairly 
common combination , of thc stomach and spleen a rare one. 

Vertical Epzgastnc and Hypochondnac Wounrts.-l'hese are nearly always 
more or less incliiled downwards and inwards, but cases occur of almost vertical 
mouiids 111 which both the cntrance and exit wounds are on the injury siirface 
of the body and almost vertically above one another, Whcii a projcctile 
passcs in those directions, the injury of the liver or stomach is complicated by 
one of the coloii or small intestine, for the missile often passes below the trans- 
pyloric plane. In  one such case both the antrum of the stomach and thc 
transverse colon were almost completely cut in two. Vertical wounds on the 
lateral surface of the body appear at first as thoracic. On the right side they 
are not so dangcroiis, since they only traverse the livcr, but on the kit 
they may wound the stomach, spleen, and liver. 

Posterzor and Lateral Wounds qf Hypochondrztic Regaons.-As usually mct 
with, these are single entry wounds. Such wounds between the two axillary 
lines often exhibit one omentum protruded through the ribs. On the left, the 
splcen, kidney, aiid the spleiiic flexure may be wounded, and therefore such 
wounds arc more dangeroiu than those occurring on the right. They are difficult 
to treat, as access to  this region is not easy, and the infiltration of the rctroperi- 
toncal tissue renders detection of the colon pcrforation difficult even if the spleen 
and kidney are succcssfully dealt with. Posterior wounds in the costoverte- 
bra1 angle, or through the lower ribs, cause similar injuries to those on the 
lateral body surface. 

WOUNDS BETWEEN THE TRANSPYLORIC AND INTERTUBERCULAR  PLANE^. 
-This rcgion is a very fatal one. Above the umbilicus the inpines resemble 
to  a considerable degree those met with above the transpyloric planc, but 
below the umbilicus we have largely to  deal with small-intestme injuries. 

Anteropostemor Wounds.-Again these are seldom met with in the mid- 
Iinc. On either side of thespiiie, 111 the upper part of the region, perforations 
through the transverse coloii arc met with, and are usually easily dealt with. 
Lower down, bu t  still iicar the middle line, the small intestine is mounded, and 
the gravity of the cases a t  once rises. In the l u m b ~ r  region, wounds of the 
asccnding or descending colon are encountered. If the peritoneal surface 
done is involved, the danger is not so great, providcd no large destruction of 
tlic wall has takcn place. IVoiinds of the left lumbar region are more dangerous 
than those on the right, for here thecoils of the jejunum overlie the grcat bowel. 

There 15 another point of interest about flank wounds, and that is the 
possibility of the cscapc of the colon or pcritoncum from injury owing to  the 
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thickness of the niiiscles of the abdominal wall at this point. As a matter of 
fact the colon when sreii from the front lies further from the lateral line of 
the body than might be siipposcd. 

Wouiids entering the back in this region are more fatal 011 the whole than 
those that  enter the front ,  not only do they wound the viscera., but they 
plough up the retroperitoneal tissue, or cause it t o  be stripped by blood infil- 
tration. When such a course is taken by a bullet or small shell-fragment: the 
external wound may be insignificant, tiit a hidden leak into the retrocolic 
tissue may caiise death before sufficient relief has been given by a free 
incision or a colostomy 

WOUNDS RELOW THE INTERTUDERCUIAR PLANE.-- These iiicludc wounds 
through the hips, buttocks, and thighs. 

Anteroposterzor Wounds. - In the hypogastric region t.hesc are dangerous 
on accoiuit of small-gut lesions. Mid-line wounds frequently come to  opera- 
tion, as therc are no great vessels t o  causc death before hospital is reached. If 
the bladder is full it will be involved, but  it is a somewhat remarkable fact 
that  siich inpries are not very common. The pelvic colon and the rectiini 
may be iiijured. Towards the side of the body, 111 the iliac regions, woiinds 
of the czeiim arid iliac coloiis arc encountered. 

Side-to-szde Wounds.-These may iiivolvc the crTcuni, small gut, a i d  
pelvic and iliac colons. Such inli~ries arc very dangerous, the small-pit 
\i-oiiiids beiiig ncarly always multiple. Thc pelvic vessels may also be Irijiircd, 

and cause death from direct hx,morrhage. 
Se’rnizveifzcul Woz~nds.--Iii T h e  Lancet of Dec. 18, 1915, I called atten- 

tion to  the dangeroils nature of these iiijiiries, and many ha.ve since confirmed 
this opinion. They a.re caused by missiles which entcr the biittock, perineuni, or 
thighs. In the early days of the war a wound 111 the buttock or thigh was often 
iiiiconnected 111 the siirgeoii’s mind with the possibility of an intestinal lesion , 
thcse wounds arc nearly always accompanied by multiple wounds of the 
small iiitcstine. Thc bladder aiid rectiini are also often involved, such 
wo~iiids are iicarly always accompa~iicd by pain 111 the abdomen soon after 
thcir receipt. The soldicr often thought that  he had been hit i n  the abdomcn, 
while the siirgeon was not inclined to  accept this diagnosis, the fatality of 
such cases iised to  be partly tliie to thc abdominal injiiry being overlooked. and 
tinic lost. 

Possibility of Escape of Viscera in Penetrating Wounds.-It has 
always been a much debated point as t o  whether a projectile could t.raverse 
the peritoiieal cavity without wounding the hollow viscera. Makins held 
that  it was possible from his experience in Smith Africa. Others denied the 
possibility There has never been any doubt that  the liver and kidneys 
could be damaged without involving other organs. The point that  required 
settliiig was as t o  the escape of the stomach in the upper part and the small 
intestine and coloii in the lower. Those who believed in treating abdominal 
wounds by rest and starvation pointed to cures, by this means, of patients 111 

whose cases it appeared, by a study of the track of the bullet, that  a hollow 
visciis must have been perforated. Makins held that  therc was a possibility 
of recovery in cases of colon injury, but that  small-intestine lcsions wcrc 
always fatal. 

All are vcry scrious. 
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Until quite recently, when celiotomy became thc routine treatment of 
abdominal wounds, a proof that such escape was possible was almost wanting. 
The classical ease of Cheatle’s was often quoted as a proof, but there were 
people who were riot convinced by it. 

Pi,g. 419 shows a chart of cases in which the abdomen was opeiied and 
explored aiid no hollow visciis found injured, The abdominal cavity was 
uciually full of blood. (1) The VCSSC~S of 
the omentimi, mesentery, or abdomiiial wall (deep epigastric usually) , in 
these cases the hzcmorrhagc was arrested by ligature of the vessel, (2) ITrom 

This blood came from two soiirces 

Fro. 419.-Clinrt of cases In which cmliotomy wa2 performed and no hollow viscus 
found ~njured. Dots, circles. and lines as in Fig. 417. 

cracks in the peritoneum raibed by a retroperitoiical effrision of blood, here 
little bcyorid clearing the abdomen could be donc, for experience has 5hO\Vii 
that such collections of blood are best left alone. In  oiie case that deserves 
mention the vena cava was tom and was ligated, the patient survived 
ten hours. 

In many cases there were bruising aiid tears of the peritoneal aiid mnscular 
walls of the stomach or intestine. These tcars and bruises explain the cases 
where a faucal fistula or an ~ntrapcritoneal abscess has appeared some time 
after the receipt of the ~vomid. 
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The Possibility of Spontaneous Recovery after the Perforation of Hollow 
Viscera.-It is quite triie that people do recover spontaneously after wounds 
of the hollow viscera, but the number is very small. Those that recover 
may be said to be the cxceptioiis that prove the rule. The following are 
instanccs - 

Makins (Journal of Royul Army Medico1 Corps, 
January, 1916) describes a case in which a wound of the posterior surfa.ce 
of the stomach was firmly sealed to  the pancreas and spleen, death rcsultcd 
from secondary hemorrhage. 

Lieutenant-Colonel 'l'. R. Elliot and Captain Henry have also described 
cases of spontaneous healing. I myself have seen a healed woiiiid of the 
stomach in a paticrit who succumbed to  other injuries. Lastly, Captain 
Green-Armytage actually closed the abdomen in a case where a hole in the 
stomach was impossible of suture, and a cure resulted. Although such healing 
does result, it must be looked upon as more of academic than of practical 
~iitcrcst. KO siirgeon woiild iiomadays iise siich cases as an argiiment in 
favour of abstention. 

2. There have been frcqiicnt inst.ances of recovery after wounds of the 
vertical colons, as has been insisted oil by Makins, who attributes siich a 
favourablc result t o  the intense local reaction produced by the contents of 
this port.ion of the bowl. 

3. For the history of the following remarkable case I am indebted to  
Surgeon-General Bowlby and Captain Bell. 

A soldicr was shot from side to side through the body at the battie of 
Loos. As far as I know. thcre was 
nothing special about his convalescence. He  was again shot in the abdomen 
i n  the battle of the Somme, and was operated upon. When the ahdomcn was 
opened, several pcrforations of the small intestine were found in the neigh- 
bourhood of a mass of' adhesions. The woiinded and adherent segments wcrc 
excised, and the man niadc a good recovery. 

On slittiiig up the inherent coils, an cntero-enterostomy was foiirid between 
two adjacent loops, in addition, there were several small herniated diverticula 
of the mucous membrane, obviously pointing to  closure of the previous penetra- 
tions. This case is of interest because the process of healing corresponds to  
that which Captain Driimmond has shown to be the case when the intestines 
of rabbits are perforated, and put back without siitiire. The herniated miicoiis 
membrane remains herniated, and gradually becomes covered with a layer of 
lymph, which slo\vly organizes and seals the hole, the herniated miicoiis 
membrane still forming a diverticulum. 

Rupture of Viseera Outside the Actual Course of the Projectile.- 
1. As in civil life, one meets with a fair number of abdominal injuries 

caused by horse kicks. Others are caused by falling-in of dugouts, by burial 
of men by shell explosions, and by blows of fragments of wood which arc 
hurled about. They prescnt nothing out of the common, and the inpries sccii 
are the same as some in civil life. 

Captain Haycraft had one case which may be mentioned, in which the 
post-mortem examination on a man who died after burial showcd numerous 
contusions of the small intestine, without niptiire. 

1. Healing of stomach. 

He was not operated on, and recovered. 
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2. Similar injiiries arc caused by large shell fragments, iuually shell caps, 
and several cases of the 1 a t t . a  injiiry have been seen in which rupture of the 
intestine was accompanied by extcnsivc contusions. Some years ago Makiiis 
wrotc a paper on this subject, and he came to  the conclusion that  such injuries 
are cniised by the bowel being caught between the unyiclding posterior 
abdominal wall and the onconling object. This slipposition, I think, is 
strengthened by the associatioil of bruises along with perforations in tlic 
case above quoted. 

3. Rupture of Solid Organs by Indirect Vaolence oj‘ a Passang Projectile. 
--Such inpries arc by no meails iincommon. Kidneys have been found 
in which many cracks in the capsiilc were produced by shell fragments 
which did not themselves touch the organ. I have also seen two cases of 
ruptured spleen, the left, lower chest was hit and the ribs broken in both. 
111 one the diaphragm was intact, but on opening the peritoneurn much blood 
escaped and thcre was an extensive tear in the spleen. In another c a ~ e  
thc diaphragm was ruptiircd over a smdl area, the blow being a glancing 
onv. Thcre was a corresponding wound on the outer surface of the spleen, 
and from this wound there ran in all directions radiating fissures in the 
capsule, showing t.hat the spleen had becn biirst by the indirect blow it had 
received. 

4. Cases an whaclt the Viscera clre Damaged by  In-draren Bone Fragments.--- 
N. There are many cases of injury to  the liver and spleen by the driving 

in of fractured ribs. 
b. The cnxiim, the ascending and desccnding colon, and also the sma.11 

gut in the pelvis are all apt to  be injured by sinall bony spicules drivcii in 
through the pcritoneiim. Althoiigh .the projcctile itself does not penetrate 
this membrane, i t  is important t o  remember this possibility, becaiise when 
such wounds arc explored it IS most probable that  the small holes caused 
by the bony fragments would be overlooked, and the pcritoncum assumed 
to bc inviolatc. 

5 .  Rupture of Hollozv Organs by Indirect Violence. --Cases of this class 
have been reported by Owen Richards, John Fraser, J. W. Dew, and 
others. 

The first 
case was that  of a man whose rccti were divided almost complet.ely by a 
biillet. The wound was explored and the postcnor rectus sheath foiind intact. 
As there were no symptoms the abdomen was not opened, the man died. 
At the post-mortem a careful search failed to  show any rupture of thc 
peritoneum. There were three holes in the small intestine which lay imine- 
diately under the wound. in the abdominal wall. showing the gut had not 
moved, although more than twenty-four hours had elapsed since the receipt 
of the injury Fraser’s case was that of a man wounded by a piece of shell 
in the right iliac fossa, the czcum being found bruised, and a small hole in 
the mesenteric border of the ileum. In Dew’s case the projectile had cut 
through all the abdominal wall except the peritoneum, through which t h e  
caccum could be scen. As thcre were no symptoms thc abdomcii was not. 
opened, but the man died from a ruptured ileum. 

Frascr 

An explanation is difficult to  arrive at. There are two forms - 
u. Rupture of the intestine by a biillct without penetration. 

b. Rupture of a viscus out of the track of a perforating bullet. 
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has also published a rase 111 which the bullet penetrated the abdomen just 
below the iimbiliciis, there were no symptoms a t  first, but when thcy arose 
later on, caeliotomy showed a rnptured bladder. The bladder was apparently 
out of the direct line of' the projectile. 

(1)  When an object such as the abdonicii aiid its cont.ents, made tip of 
layers of varying tooghness, is sharply hit, more friable layers undcrncnth 
inay come away, while the more rcsisting overlying layers remaiii intact, 
( 2 )  This may be termed the ' paper-bag' t h ~ o r y ,  the Intestine lmng rnptiired 
by a smart blow in a similar wav to t.hat in which an inflated papcr bag IS 
burst on being hit. I do not know that there IS  any proof that this happcns, 
bnt it is rather a scdrietivc theory 

a nian may 
fall t o  the ground, or against some objcct, when he IS hit, and thc rupturcd 
intestine be diie to the blow thiis prodiiced, and not to the actual niissilc which 
was the iiidirect caiise of the fall. 

Comparative Frequency of Wounds in the Different Viscera.-The 
following table givcs some idea of the rclativc frcquciicy with which diffcreiit 
organs i n  thc abtlamcn arc woiiiitlctl. The total number of cascs from which 
the tahle was mndc was 965. 

It wonld seem that  these niptiires may bc causcd in two possible ways 

Thcrc is anot.her possibility wliich must not be lost sight of 

Stomach 
SII1:lll put  
Colon 
Livrr 
Spleen 

7:: 
43 

f 

Mechanism of Wound Production after Penetration.-The miiltiplicity 
of wounds of the small intestine has raised some doubt as to their nicthod of 
productior:, cspccially 111 the case of biillets. whcre widely different typcs of 
wound are seen. 'J.'hc question aribcs whet.her a billlet pursuing a straight 
coiirsc causcs thcsc injiiries, or if' wc miist invoke a rotation of t.he bnllct, 
or a bursting cllect.. I f  a bullet IS rotating qiiickly on a traiisvcrsc axis, it 
could easily produce completc division of the gut, but if it, is rotating quiclily 
ciiough to produce such injuriey, It is hard to sec how it corild a t  thc same tiinc 
prodiice small pcrf'orations. Soinc silpport is givcn to the rotation thcory by 
thc retention of many bullets, and one knows that thcir Right IS iiiistable a t  
thc crtd. If t.hc rotatiori theory 1s eorrcct, one ought to have some cvideiice 
of this rotation at the entrance and exit holes. As a fact, i t  is impossible 
to  establish any relations between the size of the eiitraiice and exit nouiids 
111 the skin aiid the amount of damage donc to  the intestine. As to the possi- 
bility of a biirstmg cifect, it is impossiblc, I think, to makc any definite 
statement 011 the subject. All one can say is that when great vessels are hit 
by biillets, nothiiig has evcr bccil. seen 111 thc nature of' a lesion which suggcstcd 
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the presence of thc so-called hydrostatic phenomena. I am rather inclined 
to  think myself that these different typcs of wound are caiised by the varying 
state of distention of thc small gut. As i s  well known, one meets with lengths 
of thc small intestine alternatcly distcnded with air and collapsed. If the 
bullet strikes a distended portion it will perforate it, or cut a hole in it. If it 
strikes a portion which is collapscd, the intestine is so small that the biillct 
is large enough in diameter to  divide both coat?. 

Diagnosis of Intraperitoneal Damage.-This is dctermined in threc 
ways - (1) By inspection, (2) By expericnce (3) By symptoms. 

With all possible care and an extensive cxpcricncc, and a Full appreciation 
of the numerous fallacies, it is freqiiciitly diEcult to  make sure that thc wonnd 
is penetrating. If it. is difficiilt when t.liere is  an entrance and exit ~voiiid, 
it is st.ill morc so whcii therc is only one wonnd. It may bc thnt shock, 
hrmorrhagc, rigidity, or rapid pulsc will be present , in some cases which arc 
reccivctl early, there will he no such giiides. It may be said that the woiind 
of a hollow viscus has in itself no symptoms i f  it is  not extensive enough to 
prodiicc shock, i t  is usiially hacmorrhage or peritonitis which gives the danger 
sigiial, iis thcre is a distinct relation between the interval since the receipt 
of thc woi~iid and the mortality, it is important to  be able to  determine the 
probability of pcnctmtion. 

1. RY I~sPEcrIoN.-Aiitero~~ostcrior wounds arc the easiest to  judge. The 
only point to  bc rcmcmbcrcd is the thickness of the flank muscles. Bclow 
thc transpyloric plane, a wound with the entrance on one side of the middlc 
line. a i d  an cxit cxterior t o  the latcral body line of the sanic side. is very often 
iion-pciictrating . or it may havc just opened the pcntoneum. Above the 
transpyloric line, siich a wound, owing to  the rounded form of thc thorax, is 
almost ccrtaiii to be penetrating. Thc bullct which passes in and out bctwccn 
the serni1iina.r liiics probably does not, open the abdomcn, while the wound 
that passes in and oiit outside thesc liiics probably docs. In the loiigit~idinal 
direction, a bullet which ciiters near the costal margin, and emcrges abovc tlic 
groiii, mill most likely travcrsc thc abdomcn. Where it is a qiicstioii of siriglc 
woiiiids, there i s  really no guide except the symptonu, as it is  usually 
 inp possible to  tell thc dircction o i  the ~)rojectilc. Mrich help is afforded 
Ly an x-ray apliaratus i n  such cases. Onc case may be qiioted as showing the 
dificii1t.y of jiidging mlicre a misqile has golie A man was shot beside the 
iinibiliciis. The area was a 
dangcrons oiic, so it was dctcrmincd to  explore the abdomen. As the wound 
was i n  a. convcnicnt situation, the exploration incision was made throiigh it. 
I t  was then found tha.t the rectus muscle was torn the lciigth of the incision. 
This was enlargctl dowiiwnrds to  thc pubcs, the muscle being much torn dowri 
to  the bone, but, the sheath and pcritoneiim wcrc intact. The bullet had passcd 
down behind t.hc piibes. As thcrc wcrc no symptoms, nothing further was 
done, and the case, after an iiitervnl of several days, was sent to the h s c  
doing well. 

2 .  BY EspEI;im;C'E.-l'his hns shown that oiic has to  be very carcfiil i n  

making a ncgativc diagnosis, and it has also shown the wisdom of opcration i i i  

doubtfill cases. The 
fragmmts into which a bomb is broken on explosioii arc oftcii very small, biit 

The shape of the woiiiid siiggestcd a hiillet. 

Bomb wounds require some notice under this heading. 
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so high is their velocity that they have very great power of penetration. The 
wounds are often so small and insignificant that  it sometimes takes real 
strcngth of mind to  explore the abdomen, although the symptoms point to  the 
possibility of visccral involvement. The niimbcr of these wounds makes 
individiial exploration impossible, and the only way of settling the matter 
IS to explorc the abdomen by a well-placed iiicision, irrespective of the situation 
of the wounds. 

Appearance, 
piilse , voniiting , hEmorrhage , rigidity, pain , tenderness, subjective 
seiisations , shock. 

He is shocked 
and cold, often in spite of blankets and hot bottles with which he has been 
si.irroundcd i n  thc nmbulance. Sometimes he is apathetic and quiet, some- 
times restless-sometimes from pain, sometimes from distress. He may be 
blanched or of a fair colour, c w n  normal in appearance. Before rapid evacua- 
t.ion was the rule, I was struck by the fallaciously good facial expression of 
some of these cases, and it was often that one experienced a shock, on taking 
iip such a man’s hand, t o  find it cold and clammy, and the pulse running or 
even not palpable. Such cases invariably die, and operation only hastens 
their end. 

Pulse.-A rapid pulsc, a pulse that does not fall, or a rising pulse, is an 
indication for operation. A slow pulse is not necessarily a contra-indication 
unless the woiind is in a lion-dangerous area such as the liver. I have seeii a 
inan with a pulse of GO with four holes in his small intestine, and four hours 
after rceeipt of the injury A rapid pulse is caused by loss of blood, and later 
0 1 1  by peritonitis and sepsis. It does not scem t.o have any very definite con- 
nection with the number of lesions of the iiitestinc. The pulse often falls with 
rest and infiision, and it happens. more often than not, that a falling pulse is 
more an indication of the possibility of operation than a contra-indication 
to  operative measiircs. 

3. BY SYm-Tom.-Thcse may be enumerated as follows 

Appearance.-Usually a man hit in the abdomen looks ill. 

A rising pulse is an indication for operation. 

120 130 140 nndover 

37 7 0 

88 87 9? 

125 44 101 

Froni Table 8 one can see the general nvrragc pulse of a mail woiinded 
in the ahdomen. X pulse of 100 IS very common, and, on the whole, gives a 
good prognosis. A pulse of I20 seems to  be a critical onc, for the mortality 
is here rapidly mounting. Of 145 patients with a piilse over 120, only 
16 recovered. 

Mention may be made here of unexpected results which some pulse-rates 
show A mail having a pulse of 160 with a wound in the liver, went to  the base 
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without operation. A pulseless man recovered after his bladder and small 
intestine had been sutured. A man with a pulse of 60 died from the effects 
of hrmorrhage, although the bleeding was stopped by operation. A mail 
with a pulse of 90 died of gas gangrene in the abdominal wall. Anothcr 
with a pulse of 80 died of peritonitis on the third day One case with a 
pulse of 160 recovered, the reason for the rapidity being an extraperitoneal 
hamatoma of the bladder, which was drained. From these instances it 
can be seen that, although the pulse IS a very good indication, there are 
many surpriscs for the surgeon. 

T;oniiting.-Wounds of the stomach nearly always lead to  vomiting, and 
very often to  hzmatemesis, but vomiting is also met with in all kinds of 
abdominal in-~ury , and beyond the fact that its absence shows that the stomach 
is most probably not involved, it has no special significance. 

flamorrhuge.-This will be dealt with more fully later o n ,  it is sufficieiit 
to  say herc that with the exception of blanching and R rapid pulse, both of 
which may he produced by other causes, the classical signs, such as restlessness, 
blindness, or air hunger, are usually absent. Htzmorrhage gives the ordinary 
physical signs, but as is well known, these are not very helpful, for to 
prodiiee them the amount of blood may have to  be very great. 

h’igadity.-This is a very constant, but varying, symptom whcn the 
cases arrive. It 1% seen (a )  In low thoracic injuries, ( b )  I n  wounds of the 
abdominal wall and contusions of the abdomen, and ( c )  With visceral iiqiiries. 

a. The rigidity produced in the abdomen by low thoracic injuries is well 
known, and i t  renders diagnosis very difficult, especially in cases where, from 
a study of the track, the bullet may or may not have entered the abdomen. 
One such case I well remember, in which a man, hit in the lower right axillary 
region, presciited a universal rigidity of the abdominal wall, accompanied by 
considerable pain. His condition otherwise was not bad. It was determined 
to watch him, and he was put to  bed and kept quiet for three hoiirs. At the 
end of that  time the rigidity had become board-like. There was considerable 
increase in his pain, and his pulse-rate was slightly accelerated. An abdominal 
exploration showed that, after all, the abdomen was uninvolved, and that the 
only possible injury was a wound of the liver on its extraperitoneal surface. 
Curiously enough, this man died of tetanus a week later. 

I do not know that there is any royal road to  diagnosis between a thoracic 
and abdominal wound, every case must be judged on its merits. Captain 
Maybury has an idea that superficial abdominal tenderness :s rather a featiirc 
of thoracic woimds. 

b. I n  the wounds of the abdominal wall the rigidity IS apt to be local, 
and, as a riilc, does not gyve rise to  very much confusion. Contusions of thc 
abdomen do present considerable difficulty, and in eases which have rccovercd 
withorit operation, I h a w  seen rigidity, an extremcly rapid pulse, and pallor 
all combined. Wounds of thc pelvic floor, even when not penetrating, will  
produce a reflex hardness of the anterior wall. 

c. Injuries both of the solid and hollow viscera are aceompanicd by 
rigidity (1) It is a 
reflex protective mcasurc after the receipt of any wound, (2) It is also brought 
about by irritation of the peritoneum, either by blood or infcctiori, (3) It 1s 

This rigidity seems to  be brought about in thrce ways 
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largely indepcndcnt of the amount of peritoneal infection, and it occiirs in 
cstrcme form without any nakcd-eye appearanccs of Inflammation. Under 
such conditions i t  is generally accompanied by very great pain. 

Rigidity often occurs when there is blood In the abdomen, t,hc source of 
which is only a mound of the mcsentcrv or omcntum. It is not, as a rule, very 
marked in thew cases, and tends to subside with timc. in contradistinction to  
that  diic to peritonitis, which is progressive. One ocrasionally sees a some- 
what rigid and tumid coridition of thc abdomen iii caws arriving late, such a 
condition, according to  my experience, is iisnally only a sign of hx-morrhage 
which has been arrested, and I always advise the leaving alone of such caws. 

(1)  Rigidity may be slight, and this generally or 
locally, ( 2 )  It may be confiiicd to one part, and I f  this spreads it generally 
iiicaiis an intcstinal lesion very similar to  that seen in appendicitis, (3) Alter- 
iiating rigidity. During cxaminat.ion the abdomen 1s sometimes soft aid 
soinctinies hard. This IS a very puzzling condition, and its indication is not 
very clear, it. !s somctimcs accompanicd by extensive injuries, (4) Apprchcn- 
sive rigidity, if  one may iise the term. Hcrc, although the abdomen looks 
soft and moves on rcspiratioii, it a t  once hardens when the hand approaches 
to palpate. As a rule it IS accompanied by no serious inj~iry,  ( 5 )  Board-likc 
rigidity IS most piizzling when accompanied by a slow piilse. IF there is 
estrcme pain, it nearly always mcans that thcrc is a wound ,of the intestine , 

% (6) Completc absence of rigidity, this, when accompanied with obvioiis pene- 
tration of the a.bdomen, is a bad sign, as has bccii pointed out by Taylor and 
Mmr. 

It may be hcre stated that morphia 111 niodcrate doses seems to havc very 
little effect on the state of the abdominal wall. 

The Spanu1 dbdonien.--Onc has to be on OIIC'S guard not to he misled by 
the slightly rigid and tiimid abdomen which is met with in cases of spinal 
injury, arid especially when such injuries axe accompanied by vomiting. This 
state of the abdomen is sometimes causcd by a distended bladder, but it may 
bc prcscnt without it. 

Tenderness.-This has very miich the same value as the tenderness met 
with i n  penetration of the intestine due to  disease. 

Puzn 1s iicarly always prcsent i n  some form or aiiothcr, but it varies 
from almost uncontrollable agony to  nothing morc than discomfort. There 
does not seem to be any particular relation between the amount of pain and 
the amoiiiit of injury, 

Coiisidered clinically 

Such cases quickly end 111 death. 

Subjectace Sensatzons and Shocli are dealt with later (11. 735). 
Care of the Patient before Operation. 
IN TRANSIT TO I Ios~~~ . s~ . . -Ca~) t a~ i i  Moore has poiiitcd oiit that a man 

~ o t i n d e d  i n  the abdomen is morc comfortable if hc can he put in such a 
position that his abdominal miisclcs arc relaxed. IIc should be covered up, 
kept as wmm as possible, and saved all the jolting that mBy bc, though, from 
the iiaturc of thiiigs. this caiiiiot be doirc very cffcctivcly I-Ie should be 
given a reasonahlc dosc of morphia-this will relieve his pain and mental 
ansiety. 

Moiphzu.--It is necessary here to say a word about the administration of 
morphia. After the first iiilection has been given, a reasonable time should 
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elapse before mother dosc is administered. This warning is necessary, because 
patients hare arrived a t  the casualty clearing stntioii very proiotiiidly under 
the influence of the drug. This seems to have been brought about in dilkreiit 
ways (1) By the administration of an unnecessarily large dose t o  bcgin with 
(2) Failure to  allow proper timc for this to take effect before repeating the 
dose, and (3) Not infrcqiiently, to  the patient being dosed eithcr by himself 
or by his companions without the knowledge of the medical officer. 

The Withliolding o j  N’ater -There is no reason why watcr should not be 
giircn in reasonable amounts. , its withholding causes great. distress t o  the 
patient, who is very likely siiffering already from a lack of firud in his body 

IN I~osPrTAL.--Wheii a patient arrives G t  a n  operating hospital, the ques- 
tioii of immediate operation has to be considered. It is better to  put the man 
to  bed and watch his condition for a little than to immediately siibject him 
to  operation. It is quite true that hlemorrhage is the great danger, but still, 
my experience has led me to  think that  on the whole a little rest does more 
good than harm. 

First and foremost as a rcmcdial measure is the warming of the patient. 
This is by far the best treatment of shock tha.t I know, and greatly transcends 
in importance the ministration of stimulants, of whatever nature, cither by 
the mouth or hvpodermicallv The radiant clcctric bath covcring the whole 
body is much the most efficient method of applying heat., and shoiild be used 
whcrcver an clectric ciirrent is available. 

Fluid can be introduced into the system by the mouth, by the rectum, 
subcutaneously. or iiitravenously , it depends upon the state of the patient 
aiid his capabilities of reception. The intravenous method is by far the best 
and surest if time is an object.. The Fashionable method of subcutaneous 
saline is practically valueless in a shockcd man, and certaiiily no better than 
rectal administration. 

The actiial momcnt for pcrforming the operation must be left to the 
individual jiidgcment of the operator. If the man does not respond a t  all, the 
qiicstion must be decided whether it is best t o  operate at oiice or whether it is 
worth operating a t  all. The pulse (see “ Pulse-ratc Table ”) will give some 
help. Frequently cvcn as much as sis or eight hours’ rest will produce such 
improvement that an operation IS possible whcrc a t  first the case seemed 
hopcless. 

General Lines of Treatment--C:uniulativc experience shows the wisdom 
of operation as a rule, and it is now mainly a question of excluding a few 
easc‘s oii which it is bcst not to  operate. It caii be frankly admitted that  this 
line o f  treatment involves operating 011 somc patleiits who would h a w  got 
well withoiit. Xt. also iiwolvcs operating on a certain number of cases, 
where there is bleeding withoiit visccral iiijiiry, which also might have 
recovered without. On the whole, i t  inay be said that a policy of ‘look and 
see’ is better than one of ‘wait and scc.’ 

The interval is iised to improve the man s condition. 

Pitiutrin and eserine are favoured by some people. 

It may be uscfiil to  cnumerate thosc cases which arc best left alone. 
1 .  Cases an Veig  Bad Condiiaon.-There are, of conrse, many cases 

ivhicli no surgeon would feel himself ~iistificd 111 operating on ,  but there are 
many borderline cases, which some surgeons would leaw, and others would 
fccl constrained to  give the chance of opcrat.ion to. Here the personal 



700 THE BRITISH JOURNAL O F  SURGERY 

quat ion comes in, and whether hc operates or not must be left to the 
surgeon to  decide. The 
holder surgeon will get the worse operative mortality 

2. Cases Shot High U p  an the Abdomen tn the Lavcr Area.-Such cases 
on the whole do very well if left alone, so long as there are no symptoms of 
hxmorrhage-in fact, hxmorrhage is the only reason for operating on liver 
cases, or those involving any solid organ. It is, of coiirse, true that a certain 
number of these succumb to sepsis a t  thc base, but their number is not 
sufficiently great t o  warrant early interference on that accoiunt. 

3. High ,4bdornzno-flioracw IVounds on the L t ! !  Side.-The type of wonntl 
more especially referred to  is that which enters somcwhcre near the mid-line 
behind, and emerges somewhere towards the posterior part of the axilla about 
the level of the Gth to  the 8th rib. These wounds are sometimes acconipanied 
by symptoms suggesting stomach involvement, but on the whole do not seem 
to  do so badly, and operative interference does not afford very much help, as 
wounds high up in the cardia or near the cesophagus are almost impossiblc to 
close, or, if they can be reached, involve stich disturbances as are likely to 
lead to  a fatal result. 

4. Cases Arraiiang Late.-I am iiiclincd to  put down twenty-four hours as 
a usual limit within which a primary operation is likcly to be successful, 
hcrmorrhage by this time has ceased, and operatioii is only likely to  spread 
infection if the bowel has been perforated, and to  hasten the end. There arc 
some cases in which operation may be thought advisable-namely, those with 
a fair pulsc but with vomiting, the operation being performed with an Idea 
of getting over the ‘obstruction ’ by short-circuiting or an enterostoinp. 
Operations of this class have nearly all been fatal. 

The so-called Murphy operation, that of simple suprapubic drainage, is, I 
believe, an absolutely useless disturbance, and has been abandoned by the 
French, with whom it was an oficial proceeding in the early days. 

Here, again, the pulse will be a valuable guide. 

The Incision and Subsequent Treatment.- 
1. I t s  Site.-This must be planned rather with a view to dealiiig 1vit.h the 

probable nature of the injury than with any reference to  the wounds. With 
an in-and-out wound we know the coiirse of the projectile, and can form a fair 
estimate of the organs likely to  be involved. With a single wound this is 
practically impossible, and here an x-ray apparatus is invaluable, as it enables 
11s to place the abdominal incision in the best possible situation. 

Suppose t.here is a single 
entry wound near the middle of the abdomen. Without an x-ray examina- 
tion the only thing is t o  open the abdomen in the middle line and ascer- 
tain the course of the bullet; this involves an exploration of the entire 
abdomen, and in the end i t  may be found that thc only viscus injured is the 
colon at its peritoneal reflection. The exploratory procedure will have exposed 
the wholc abdomen to  the danger of contammation. On the other hand, an 
x-ray picture would have located the bullet in  the loin, and shown at once 
that a horizontal exploratory mound mould have inct all the circumstances of 
the case, and possibly saved a lifc. 

A paramedian incision is the standard method of‘ opening the abdomen, 
and it should be used in all cases unless there is some distinct indication to  the 

To give an instance of the value of z rays 
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contrary. It is always better to  prolong i t  than to  make lateral nght-angle 
extensions. The length should be 6 to 8 inches, probably the longer is the 
better, as free access means a very p e a t  increase in celcrity 

In  some anteroposterior wounds towards thc lateral line of the body, a 
rectus-sheath incision has something to  recommend i t ,  the  colon call be easily 
reached and the field of operation limited. It is not, however, a good incision 
to  close, and divides many nerves. 

In  those cases where the missile has perforated the body from near the 
mid-line to  the loin, whether this direction is shown by an  entrance or cin exit 
wound or by the aid of a skiagram, the transverse iiicision, cithcr horizontal 
or parallel to  the upper or lower abdominal limits, IS much to  be rccornmended. 
If more room is required, it can be obtained by cutting the rectus sheath, but 
leaving the rectiis muscle intact. Such an incision allows free access to  the 
hepatic and splenic flexures and the vertical colons, t o  the kidney, and to  the 
spleen. It allows removal or exploration of the kidney without rolling the 
patient over-a great advantage, for Marshall has shown that such movement 
is followed by an alarming drop in the blood-presslire at the close of an 
abdominal operation. It also allows a systematic examination of the small 
intestine, if necessary It is the only incision that allows the ascending a.nd 
descending colons to  be easily and properly repaired, and, in addition, is a 
convenient sitnation for an artificial anus. It is not a convenient incision for 
the stomach, except for that  portion situated near the splccn. 

A similar incision starting behind, and prolonged forward if necessary, 
can be used with advantage in exploring lateral wounds of the body in the 
neighbourhood of the cmum and sigmoid. A subcostal incision is also good 
in some liver wounds. In  some 
cases of wounds in the back of the loin it is better to  open the abdomen in 
the mid-line and makc sure that the peritoneum has not been involved. If i t  
has, the wound is closed and the loin opened up, and the necessary steps are 
taken to  deal with the condition foiind. It is always very important, when 
there is a possibility of a colon wound, to do everything to  prcvent contamina- 
tion of the general abdominal cavity 

2. Its Closure.--The method of closure must depend on the condition 
of the patient. If this is critical, it must be by through-and-through sutures. 
If there is time, an attempt should be made to close the peritoneum separately, 
many of these wounds suppurate, and it is impossible to  prevent thc suppiir- 
ation extending to the intestines if  the peritoneum is unsutured. If the 
patient's condition allows, the wound can be closed in layers, but in evcry casc 
there should be at least three through-and-through supporting stitches. 

It may be 
part,ly due to  defective technique. but in many cases one has to  remember 
that the blood in the abdomen, which must well out when the cavity is opened, 
is full of micro-organisms. Various methods have been tried to prevciit 
infection, biit with no great success. On the whole, however, there seems to 
have been a good deal of' improvement. It is curioiis that the samc dificulty 
is found on operating on acute appendix abscess, where the peritoneum can 
readily combat the septic condition in which i t  is left, while the abdominal 
wound falls a victim to the bacilli. 

VOL. I V  -NO. 16. 46 

Such wounds suture easily and heal kindly 

Siippuration in  thc operation woiinds has been a troublc. 
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3. Abdoinznal Dramage.-Opinions differ about. this, and personally I 
never use it, nor do I believe that it has any points to  recommend it. When 
speaking of abdominal drainage, I mean the ordinary draiii to  the pelvis or loin. 
It is quite another thing to  tie a small drain to  a suture line which one 
mistrusts, the idea of which is t o  form a local track in the  case of a lcak. 

4. Plushang the Abdomen.-Some surgeons favour this procedure, and i t  
has a good deal to be said for it when the abdomen is full of septic blood. At 
the same time it is difficult to  carry out efficiently without much exposure of 
the int.estines. I n  small local infections without blood it is not to be recom- 
mended. Both saline and eusol have been used, but to heat the latter to  the 
requisite temperature is to  destroy its efficiency The cold produced by ctber 
is sufficient to damn it, even if it could cleanse the abdomen , a small amount 
used to  prodlice leucocytosis may find favour with some. 

5. Post-operative Treatment.-I do not know that there IS anything 
particular t o  be done to  the patient more than after any severe operation in 
ordinary surgical practice. The question of infusion or transfusion will 
naturally arise, and in some cases may be beneficial. Most people treat their 
cases in a semi-recumbent position. Personally, I would let the pst.ient choose 
his own posture. As to thc administration of morphia, it is better to  give it 
than withhold i t  if the patient is restless or in pain. Most interest turns on the 
condition of the bowels. Castor oil, calomel, and pituitrin, all have their 
advocates. There can be no doubt that pituitrin IS a very fine purgative, 
.especially if injected into the muscles, sometimes it requlres to  be helped by 
a glycerin enema. Like all other purgatives, i t  is dependent for its action on 
a healthy condition of the musculature of the bowels, and if this IS paralyzed 
either by shock or sepsis, it will fail to  act. For my own part I am not 
particularly anxious about the opening of the bowels. and I am fairly coil- 
viiiced in my own mind that the bowels will not give trouble if the case is 
going to  do well ; if not-and it is mostly a question of peritoneal sepsis-no 
pargative is of any real avail. I think I have seen a good deal of discomfort 
needlessly inflicted b,. attempts to make the bowels act. 

State of the Alimentary Canal in respect of its Contents.- 
1.  Stonzach.--The amoiint of food in the stomach is directly dependent 

on the t.ime of the last meal. The escape of contents depends on this, and on 
the size and situation of the wound. If the wound IS a small one, and near t,he 
lesser cnrvatiire or the cardiac end, there will be little found in the abdomen, 
if, on the other hand, the woiind is large, and near the greater curvature, 
cstravasatioii may be very considerable. It is only in connection with the  
stomac’l that free gas has been seen to  escape from the wound or to  br: 
present in t.he abdomen 

2. The Small Intestme.-The small intestine IS usually empty, and i t  is 
hard to fix any definite relation between the amount of its contents and the 
time of the last meal. It is in a very favowable condition, from a surgical 
point OF view, even more so perhaps than after the elaborate preparation 
which has been recently the rule in civil operative practice. The collapse of 
the gilt is not due to  escape of gas, for free gas is not found in the abdomen. 

The usual absence of any large amount of intestinal contents seems to be 
connected with a more rapid passage of food along the tube than is usually 
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considered normal, or else to  a very complete digestion. Otherwise, consider- 
ing the number of cases treated a t  various intervals after meals, the presence 
of contents should be more frequent. It is the absence of contents, more than 
anything else, that accounts for the little extravasation. Should the intestine 
be loaded, there is a large escape. 

A mail 
had a dinner of bully beef and Clarke’s beans st 1 p.m., he was hit a t  6 p.m., 
and operated on at 10 p.m. All evidence goes to show that after a wound 
digestion and vermicular movements cease,so that one can assume the state 
of the intestine at 10 p.m. was the same as that at 6 p.m. The operation 
showed that the man was wounded three and a half feet from the cL?:cim, and 
here the bowel contained much fluid and solid matter, including Clarke’s beans, 
which were extravasated to a large extent. This case was under the care of 
Captain H. Driimmond. 

Another interesting observation was made by Captain John Fraser. A 
party of soldiers was shelled in billets lust after the mid-day meal, which coii- 
sisted of large quantities of tea. There were several cases of abdominal 
wounds. The amount of fluid in the abdomen in some cases of wounded small 
gut was remarkable, and in contrast to  the usual condition. It looked as if 
the fluid contents had passed rapidly into the small intestine. The stomachs 
themselves-to judge by one case, a t  all events-were still full of food. It is 
a remarkable fact that  these patients all died, and mostly from gas gangrene. 

3. The Large Intestine.-This is usually loaded, and presents a great con- 
trast to the small intestine in this respect. This fact, no doubt, is due to the 
scdentary lifc in the trenches. The loaded state of the bowel may have some 
relation to  the infectivity of the contents. On the other hand, a constipated 
condition tends to  limit the escape of Contents. 

Effects on the Musculature.-When considering this sublect a sharp 
distiiiction must be drawn between the appearances seen before and after 
sepsis has produced its effects on the iiitcstine. It is with the former that we 
are a t  present concerned. The subject can be divided into two.parts, ( a )  
thc naked-eyc appearances, and (a) the state of the nervo-muscular mechanism. 

The stomach is often normal, both as regards its size and the thickness 
of its walls. On the other hand, i t  is by no means rare to find it dilated. This 
dilatation is, as a rule, of moderate dimensions, but may be of considerable 
extent, and occasionally passcs into n condition of acute dilatation. This 
last condition is seen both in peritoneal and retroperitoneal wounds, and 
with and without spinal injury Apart from actual dilatation seen in the 
conrse of operation, many cases after operation present the clinical symptoms 
of the condition, which is relieved as a rule by stomach lavage, but sometimes 
ends fatally. It would seem therefore that it is not uncommon for some 
paresis of the stomach to  occiir. 

An experiment performed by Captain H. Drunimond and myself may be 
of interest in this connection. A dog was given a weighed meal containing 
bisnirith. A skiagram showed that the organ emptied itself in six hours. The 
experiment was repeated, with the addition that  the animal was anzsthetized 
for half an hour. There was no delay in the emptying of the organ. Another 
e;xperiment was performed similar t o  the last, but in this instance a resection 

I n  one case we were able to  get the exact time of the last meal. 
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and suture of intestine was performed. The stomach had not begun to  empty 
itself in six hours. 

It might be objected that the vomiting that so often accompanies stomach 
lesions, and occurs even when there is a large gash in the orgaii. shows that 
paralysis is not usual. Against this can be placed the fact that vomiting IS a 
constant symptom in acute dilatation. 

The small zntestzne presents alternate lengths of moderate distention and 
eqllapse, and on the whole the calibre of the tube is on the small side of 
that usually seen in civil practice. Sometimes this condition is exaggerated, 
and the appearance of the abdominal contents when first seen on opening 
the belly is comparable, as Fraser has said, to  that of a formaliii body 
Very occasionally a wounded segment of the gut presents a local dilatation 
both above and below the lesion. It would appear that the intestines are 
paralyzed after injury for a considerable penod. This is supported by the 
fact that  when a case in which the missile has taken a comparatively superficial 
course, and wounded the gut as i t  lies against the anterior belly wall, has 
come latc to operation, the wounded intestine is still found in the place where 
i t  was hit. The same thing has been noted in those cases where the gut has 
been ruptured withoiic abdominal penetration, and death has ensued , the 
wounded intestine has been found lying beneath the wound of the abdominal 
parietes. I have seen the wounded gut still in the place in  which it was hit 
after thirty-six hours. Sir William Watson Cheyne described a similar case in 
the South African War, where the gut remained in position after three days. 

It is a t  present impossible to say definitely how long on the average the 
gut remains paralyzed, the only other observation bearing on this subject is 
that visible peristalsis has been seen in the jejunum eleven hours after injury. 
It is possible that a persistence of such a paralytic condition of the gut is the 
source of trouble after a resection, and two cases apparently of this nature have 
been reported by Richards and Fraser. 

Some experiments seem to  show that in animals, after a resection, the 
iipper segment of the intestine remains paretic after the lower one has regained 
its power, and that the last part of all to become normal is that in the immediate 
neighhourhood of the resection. It is possible to  start a peristaltic wave in the 
lower segment some time before i t  can be originated in the upper, and even 
when a contraction can be broiight about, i t  Fails to move, remaining as u 
stationary constriction of the gut. 

WOUNDS OF PARTICULAR ORGANS.* 
ESOPHAGUS. 

Wounds of the msophagus are very rarely seen, while wounds of the 
pharynx and trachea are more common. The rarity of wounds of this tiibe 
must, I think, be due to  the fact that anteropostcrior wounds involre the 

* Nofe 0. The number of times that injuries of solid organs complicate injuries of 
other organs (both hollow and solid) IS probably understated, though the proportion of such 
complicating injunes of solid organs to one another is approximately correct. 

b. In speaking of the causes of death, no reference has been made to injuries other 
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spine, and transverse wounds iiivolvc thc great vessels. Some of the lower 
thorax wounds which arc accompanied by vomiting may be wounds of the 
esophagus, but there is no elear proof of this. 

One curious case may be quoted wherc a man was hit in the back about 
the fourth right intcrspace. He was treated for a thoracic wound, as there 
were no localizing symptoms. Two days later he passed per aniim thc core 
of a bullet, and the day following, the mantle. 

STOMACH. 
Frequency.-In 965 operated cases the stomach was perforated 82 timcs. 

Thcre were a good In 55 instances it was the only hollow viscus damaged. 
niany other instances in which its wall was bruised or scored. 

Situation of the Injury.-This is shown in Table 9 - 
Table 9. 

Anterior wall 
Posterior wall 
Anterior and postcrior walls 
Greater curvature 
Lesser curvature 
Cardia 
Near oesophagus 
Lesser curvature and posterior 

wall 
I- Totals I 
I 

8 
5 

14 
1 2 l  2 1 

2 1 

2 l o  
1 ;  0 

I .~ 

54 1 22 

The number of times both walls have beeii perforated and other 
hollow viscera (both small and large gut) woiuiided, is rather remarkable. 
when one remembers how innocuous aiitcroposterlor epigastric wounds were 
supposed to be. 

The fact that the posterior wall may bc wounded alone, or in conjunction 
with the posterior surface of the transverse colon, IS of importance, as neither 
of these places is visible unless a special search IS made, and I have knowii 
such wounds missed at operation. 

Associated Wounds of Other Organs.- 
Hollow Yzwem.--Small gut, 1 9 ,  colon, 13. 
The jejunum is the part of the small gut most frequently hit, very often 

within a short distance of its commencement. These high in~tiries are 
cspecially caused by side-to-side wounds which catch the bowel as it lies high 
up in the abdomen in front of the hdney When the projectile pursues a 
more vertical coursc, the ileum is also injured, or irijiired alone. 

than abdominal, but in many cases the fatal result must bc largely put down to injuries 
other than those of the abdomen. 

c. The lesions of hollow organs enumerated in the tables and In the text arc pcrforati\.e 
lesions. Every single viscus was bruised or had its outer coats injured on many other 
occasions. 
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The transverso colon is, more frequently than any other part of'the great 
gut, injured along with the stomach ; but parts so far distant as the pelvic 
colon and c~ecum have also been hit. The splenic flexure escapes more often 
than one would expect. Sometimes, in addition'to the transverse, the. ascend- 
ing or descending colon is wounded. Such wounds are caused by projectiles 
having a highly inclined side-to-side course. 

Solid Viscera.-Liver, 15 , spleen, 5 (all fatal) ; pancreas, 3 ; kidney, 4. 
.4 few examples of complicated injuries may be given - 

Anterior wall-spleen-kidney (Died). 
Stomach-pancreas-kidney (Died). 
Stomach-liver-kidney (Dicd). 
Anterior and postenor walls-transverse colon-small gut (Died). 
Anterior wall-transverse colon-jejunum (Died). 
Lesser curvature-descending colon-liver (Died). 
Anterior wall--caecum. 
Anterior walldescending colon (Died). 

Nature of the Wounds.-The stomach affords many types of wound, 
nearly all easily explained by the nature of the projectile and the course it 
takes. Sometimes the stomach wall is exposed by the carrying away of the 
anterior abdominal wall. At other times prolapse of the stomach takes place, 
accompanied by that of the colon, small gut, and spleen. 

Bullets passing in an antcroposterior direction make small perforations. 
Shrapnel balls cause larger perforations, the  edges of which arc more excoriated 
than is the case with bullet wounds, and the larger size and rounder form 
of the ball cause i t  to  bruise the wall before i t  bursts its way through. Shell 
and bomb fragments make wounds commensurate with their size and shape. 
When the axis of the flight of the projectile is more or less parallel to the 
walls of the stomach, the wounds become larger-sometimes a linear slit, 
sometimes a linear slit followed by a perforation, to which the name of ' note 
of exclamation' may be given. The linear type of wound is nearly always 
on the anterior surface. When the projectile passes in through the epigastrium 
and out by the axilla, the slits tend to  become parallel to  the greater curvature. 
When the missile takes a more vertical course. the wounds are inclined a t  an 
angle to the greater curvature, and the anterior wall of the stomach, or its 
antral portion, may be almost completely divided. Projectiles hitting the 
greater or lesser curvature in an anteroposterior direction sometimes cause 
rather extensive V-shaped iiijuries involving both walls (Fig. 420). Rrmses 
or cuts in the peritoneum or muscular coats are not infrequently met with. 

The mucous membrane does not pout when the wounds are small ; but 
in the case of linear wounds it becomes extruded just  as i t  does when one 
incises the stomach wall in doing a gastrojejunostomy. 

B1ePdang.-Wounds of the stomach are acconipanied by very severe 
hcmorrhage, which may come from the organ itself or from vessels or organs 
near it. The hcemorrhage as a rule does not come from the actual wall, but 
from the vessels as they run up  and down its surface. The bleeding may take 
place either into the stomach or into the peritoneal cavity. 

Symptoms.--Vomiting is a very constant feature-in fact, the stomach is 
the only viscus which almost always furnishes this symptom. One is often 
surprised that vomiting is possible, when the size of the wound in the organ is 
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considered. There is sometimes an escape of gas from the wound, but no 
particular diagnostic value is to be attached to the presence or absence of liver 
dullness. 

Treatment.-Operation is to be advised in all cases except those where, 
from the track of the bullet, the wound is most probably situated near the 
esophagus, in the fundus, or the upper portion of the cardia. These lesions 
are almost impossible to repair, but I fancy that I have seen two cases in which 
recovery followed such a lcsion. 

The escape of contents has already been dealt with. 

FIQ. 420 -Bullet wound of greator curvature of stomach. 

The best incision is a paramedian one. As a rule one can tell if the 
posterior wall is likely to have been involved. If this 1% the case, or if there 
is any doubt, the posterior surface must be explored through the gastrocolic 
omentum in the usual way. The suture of such wounds may be vcry difficult. 
Wounds of the lesser curvature involving both coats arc also troublesome to 
suture. There is no need to excise the wounds unless they happen to be very 
ragged. Gastro-enterostomy may be necessary in cases of. wounds dividing 
the antral portion or the duodenum, or in some cases of narrowing of the 
stomach. This should only be done in cases of very evident necessity. 
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Prognosis.-The maximuin period of successful suture after receipt of 
the wound is thirty-six hours, and the prognosis depends largely on the amount 
of haemorrhage that has taken place, and on the association of other wounded 
organs. The amount of peritonitis present does not depend very directhy on 
the length of time between the injury and the operation. 

Possibilzty of Spontaneous Recovery.-This has already been admitted , 
it only remains to  be said that a great many of the injuries could not have 
resulted in this favourable termination. 

Secondary Complications.-A secondary hEmorrhage is not a very 
uncommon event, and may take place as early as the fifth day , bu t  it is much 
less frequently seen now than i t  was formerly. 

In the British Medical Journal of April 8, 1916, Major T. R. Elliot and 
Captain Herbert Henry made some important remarks on the L L  After-history 
of both Operated and Unoperated Gastric Wounds.” They showed that 
sutured and non-sutured wounds, and contusions, are subject to ulceration, 
secondary haemorrhage, and perforation. Secondary hainorrhage occurred on 
the sixth, twelfth, and fifteenth day respectively ; death occurred on the ninth, 
twenty-sixth, and twenty-fifth day-the first from hEmorrhage, and the last 
two from peritonitis. Major Elliot thinks this points to  the necessity of careful 
feeding, and especially to  the withholding of extractives. Subdiaphragmatic 
abscesses have been met with, but are not so common as might be supposed- 
even in the pre-operative days, according to  Sir George Makins. 

Mortality and Causes of Death.-In cases uncomplicated with wounds 
of other hollow viscera, the mortality is 52.7 per cent (in the first 500 cases 
the mortality was 43-7 per cent). In  those complicated with lesions of other 
hollow organs, the mortality rises t o  77.8 per cent. The increased gravity of 
multiple wounds of different organs is thus well shown ; for while the stomach 
has a mortality of 52.7 per cent, the small intestine of 65.5 per cent, and the 
great gut of 59.7 per cent, the combination of such injuries shows a mortality 
of 77.8 per cent. 

When the effect on the mortality of an associated wound of a solid organ 
is considered, the result is not so clear. Thus, in 38 cases, of which 17 
recovered and 21 died, we find that there were 5 cases of liver wound among 
the recoveries, and 5 among the deaths. Among the deaths, there were also 
4 cases of injury of the spleen, 1 of the pancreas and liver, 1 of the pancreas 
and kidncy, and 1 of the pancreas. The complication of spleen and pancreas 
illjury would appear to  be a grave one. 

Out of 29 fatal cases uncomplicated with injuries of hollow organs, the 
actual cause of death in 25 cases was .as follows . shock and hemorrhage, 15 ; 
peritonitis, 5 , lung trouble, 2 ; gas gangrene, 3. 

SMALL INTESTINE. 

Frequency.-In 965 operated cases, the small gut was found wounded 
363 times. In  255 instances it was the only hollow viscus wounded. 

Associated Wounds of Other Organs-Stomach, 19 (5 with colon) ; 
colon, 89 (5 with stomach) ; rectum, 4 , bladder, 16 ; liver, 7 (gall-bladder 
twice involved); kidney, 7 ;  spleen, 3. It is most probable that the liver 
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was wounded more often than these figures indicate. The numbers for spleen 
and kidney are approximately correct. 

The sites of the colon wounds were as follows : cam.un, 13 ; ascending 
colon, 6 : hepatic flexure, 7 ; transverse colon. 23 ; splenic flexure, 3, 
descending colon. 13 ; pelvic colon, 18. 

Nature of the Wounds. -There does not seem to be any great difference 
in the frequency with which the jejunum and ileum are wounded, though 
perhaps the figures a t  my disposal are too small to draw a comparison, as the 
site of the lesion has not been stated with sufficient frequency. In the case of 
the duodenum, one may state with accuracy that it was wounded 16 times 
among 363 small-gut in]uries. 

The injuries of the ileum would appear to be more serious than those of 
the jejunum. This is also supported by the fact that cases suitable for suture 
are more common in the upper than in the lower bowel-a circumstance to be 
expected when the size of the tube and thickness of the walls of the jejunum 
are compared with the smallness of the tube and the thinness of the walls in 
the ileum. The multiplicity of the coils in the latter also favours more 
extensive injury. 

The character of the small-gut wounds varies in some degree with the 
projectile that caused them, but not to the extent that one might expect. A 
bullet may inflict as severe an injury as a piece of high-explosive shell. It 
used to be thougbt that a patient shot with a bullet had a better chance than 
one mjured by a shell fragment. The pesent war has proved this to be a 
mistake. As a matter of fact, thc least severe wounds are caused by the 
small bomb or shell fragments. 

Bztlld Injurzes (Fig. 421).-The injury may be complete or incomplete- 
i.e., it may open the lumen, or it may only score, bruise, or tear the outer 
coats. 

The most common injuries are the perforations made by the biillet 
striking the intestine a t  right angles to its long axis. Here there are two 
perforations, through which the mucous membrane pouts to form a small 
round rosette. Some holes are s? small as hardly to admit the kind of bullet 
that made them. Through such holes the mucous membrane does not pout. As 
the flight of the bullet becomes more inclined to the transverse or long axis of 
the gut, the perforations become slits, but there are still two separate wounds. 
These wounds gape somewhat,. and the mucous membrane overlaps the cut 
muscular coat so that a considerable mucous surface meets the eye. The 
general appearance still suggests a rosette, but with one axis longer than the 
other. The two slits may enlarge until the continuity of the intestine is only 
niaintained by two narrow strands of the wall. 

In other cases there is only one wound, involvlng different portions of 
the circumference of the intestine, it may reach from near the mesenteric 
border to near the free margin, or involve the free margm only. In other 
cases the free margin is slit right back to the mesentenc border, so that only 
a narrow strip of wall remains ; the last piece to be divided is usually the 
mesenteric portion. Here there is a wide gaping wound with an extensive 
exposed mucous surface ; in extreme cases the gut IS completely divided. In 
another extreme form of injury the intestine is only represented by a long 
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narrow strip of bowel ; its appearance suggests that some animal has 
gnawed or worried it. 

The explanation of the transverse direction of the lesions is to be found 
in the looped arrangement of the small intestine, whereby the greater- part of 
the tube lies in a vcrtical direction. As a man is usually shot either from 

Frc. 421.-Bullet wounds of small mtestine. 

side to  side or from before backwards, the missile mill hit the intestine a t  
right angles. If the biillet takes an up-and-down direction, one meets with 
longitudinal lesions of the gut. 

Shell Fragments.-These cause wounds of all varieties, generally com- 
mensurate with their size. 

Shrapnel Balls.-These cause ragged perforat.ions or tears of moderate size. 
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Bombs.-Bomb injuries often cause small multiple wounds, which are 
frequently collected together over a short length of the gut. The mucous 
membrane very often does not pout, as the hole is so small. 

Intimate Nature of the Leszon.-The eversion of the mucous membrane is 
due to its redundancy, and ako apparently, from an examination of micro- 
scopic sections, to a retraction of the longitudinal coat (Captain McNee and 
Captain Dunn). Microscopic examination of the wounded edges shows, 
further, that the lesion is a very local one ; in fact, the appearance is no more 
remarkable than one would expect if the intestine had been cut with a pair 
of scissors-it usually consists of a blood infiltration in the neighbourhood of 
the wound. The mucous coat stains well and distinctly right up to the tear 

Number of Injuries.--In 124 cases the average number of lesions was 
4.8 : in 40 cqes in which resection was performed the average number was 
6-2, and in 84 cases treated by suture it was 4-1. Single lesions are the 
exception. The greatest number of lesions was 17, and the highest number 
in a case that recovered was 14 ; this case was treated by suture. 

The lesions are usually situated fairly close together, but  occasionally 
they may be scattered over the whole length of the bowel. Sometimes they 
are met with in two groups ; it is in such cases that multiple resections are 
necessary if the tears are extensive. 

The length of bowel involved may be gathered from the following figures, 
which represent in 25 consecutive cases the amount resected (in inches) 30, 
48, 18, 24, 30, 48, 48, 108, 30, 18, 48, 8, 20, 24: 36, 5. 48, 48, 24, 30, 48, 24. 
16, 30, 24. In  some of these cases, in addition, other lesions were sutured 
when they lay at some distance from the more severe injury: 

Symptoms.-There is nothing more to be added to  what has been said 
under the heading of " Diagnosis of Intraperitoneal Damage " (see p. 695). 

Treatment.-A long paramedian incision is the rule, except in those 
cases which have been dealt with when the site of the incision was discussed. 

The actual operative technique in the abdomen is as follows - Any blood 
present must be got rid of, and !he bleeding stopped. As a rule the whole 
length of the small intestine must be explored, with the possible exception of 
those cases of side-to-side wounds involving one half of the abdomen where 
a transverse incision shows that the colon has been involved alone. In such a 
case, if there is no blood, and the whole length of the missile track can be seen, 
i t  may be possible to exclude small-gut inpry. 

The caxum or duodenojejunal junction is first picked up and brought 
out of the wound ; then the intestine is inspected, taking care to look at  both 
sides, and replacing the examined part within the abdomen. If a small 
hole is found, and the gut beyond it for six or eight inches IS intact, the hole 
is sewn up, one suture bemg as a rule sufficient, if the next lesion that is 
encountered is a small one, the process may be repeated. If, however, the 
first lesion is a large one, it is better t o  cover it up with gauze and a clamp 
and then proceed with the examination of the whole length ; for a big lesion, 
if quickly followed by another may necessitate resection, and the amount to 
be resected can only be determined when the total injuries are known. 

When the small intestine has been dealt 'with, the stomach is explored 

(Fig.  422). 
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if there is any likelihood of its being injured. The colon is dealt with last of 
all, as it is here that an artificial anus may be very likely necessary. If, 
however, a transverse incision has been used, it is best to deal with the 

FIG 422.-Gunshot wound of small intestme. Microscoplc section of intestinal wdl ,  
showing eversion of mucous membrane. It will be seen that the damage i3 of a 
sharply localized character. 
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great-gut lesion first, and so limit the possibility of further spreading the 
infection. 

Suture or &sectton.-Suture should be practised when possible : small 
discrete injuries, however numerous, should be sutured; and it is probably 
best if the injuries are severe, or even complete, provided they are not 
too near together. It is also better to narrow the bowel than to resect, even 
if it involves a lateral anastomosis. Resection should be reserved for cases 
where the bowel is practically destroyed, where there are several severe 
injuries or complete divisions close together, and where injuries extending 
into the mesentery, or infarction of vessels, give no choice. 

The following figures show the length in inches resected in some successful 
cases taken in order : 36, 15, 36, 8, 8, 44, 12, 36, 9, 18, 8. 

Double resections in this series have always been fatal, though I know of 
one successful case. 

The results of suture and resection in uncomplicated cases are as follows :- 

Table 10. 

TO R U E  DIED 

-~ 
OPEMTION I TO BASE I DIED 

Circular enterorrhaphy 

Lateral anastomosis 

Rcsection 

Suture 

18 69 

8 18 

i 26 ! 87 

5% i 71 
I 

I 

If a lateral suture is used, it would seem best to let the two portions of 
the bowel overlap well, so as to get the lateral opening in the gut a little distance 
away from the ends, where mobility is last to return. 

Primary Short Circuiting ; Enterostomy.-These operations have been do1x 
a t  the primary operation to relieve a dilated upper segment, or as a purely 
prophylactic measure. I do not think that they are to be recommended, 
though possibly useful if the upper part of the bowel is distinctly dilated from 
sepsis. They have, I believe, been abandoned. 
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Seconhy Short Circuit (Fig. 423).-Tha has been done on several 
occasions, but with little success (1 in this series). 

Treahmnt of a Prolapsed Knuekle.--In the early days there was some 
difference of opinion as t o  what was the best treatment for this condition. 

B 

Fro. 423.-Secondary short-circuit of the srnalt mtestine. The figure shows post- 
operative dilatation of the gut extending down over the first suture line to the new 
anastomosis. 8. Primary suture line. C.  Secondary suture line. 

Nowadays, with the establishnient of the operative treatment, most probably 
the right thing to  do is to open the abdomen and deal with the lesions which 
are foimd. 

Time Factor.-This has been already dealt with, and i t  only need be 



GUNSHOT WOUNDS OF THE ABDOMEN 715 

Small gut 

Small gut and colon 
Small gut and rectum 

Small gut and stomach . 

Small gut, stomach, and colon 

.. 

again mentioned that hzemorrhage is a great bugbear and causes early deaths, 
It may also have a distinct beanng on the later deaths from peritonitis, by 
spreading infection in the abdomen. 

As regards sepsis, to judge from the peritonitis present, it may have made 
considerable headway in four hours, or it may be practically absent after 
twenty-six hours. 

Mortality and Causes of Death.- 
Table 12. -- 

SITE OF WOUND 1 TOBASE I DIED I MOmALITr 

per cent 
87 168 85.0 

- 22 ' t  1 74-1 
- 5 

4 10 

I- I- I 

OmZR4TIOX TO B A S  Dnn 

The following figures (Table 13) show the causes of death in a con- 
secutive series of resections and sutures respectively (uncomplicated) - 

Table 13. 

CAUSE OF DEbTE 

Peritonitis 
Missed lesion 
Shock and hemorrhage 
Gas gangrene of belly wall 
Asthenia 
Paralytic ileus 
Pulmonary embolism 
Pneumonia .. 
Bronchitis 
Gangrene of lung 

SUTURE 

14 
8 
11 
4 
1 
2 
2 
1 
2 
1 

Resection 

Suture 

4 1  

3.45 

'7.1 

427 

When the comparative dangers of a wound of the duodenum, jejunum, 
and ileum are considered, the figures at my disposal are not very adequate, 
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since the jejunum and ileum have not been distinguished a sufficient number of 
times. A wound of the duodenum is a fatal injury, as  in 11 cases of wound 
of this viscus, only 2 recovered. As regards the lower part of the small gut, 
a wound of the jejunum woiild appear to be the least dangerous. 

A wound of the bladder seems to  be an extremely serious complication 
of woiinds of the small gut. In  the present series there were 16 instances of 
wounds of this VISCUS, and all but one died. This is due, partly a t  any rate, 
to the fact that when the bladder is injured, the lesion of the small gut is 
generally very serious, and situated in the closely coiled ileum. On the other 
hand, half the fatal cases complicated lesions of the. small gut that were treated 
by suture, and presumably, therefore, were not very serious. This would 
tend to  show th& there is an inherent danger in a wound of the bladder itself. 
Very likely the extra time taken to  deal with the lesion is a great factor in 
the result. In  addition, there is often a fractured pelvis with these injuries. 

There were 3 eases complicated by splenic injury, and 2 of them were 
fatal. With this exception, the solid organs do not seem to have played 
a great part in the mortality. 

J..ARGE INTESTIM. 
Frequency.-In 965 operated cases, the colon was wounded 252 times. 

Associated Wounds of Other Viscera.--TaBZe 15 gives the number of 
In 155 cases it was the only part of the alimentary tract hit. 

times that the stomach and small gut suffered together with the colon. 

Table 15. 

SITE OF WOUND 

Caecuni .. 
Ascending colon 
Hepatic flexure 
Transverse colon 
Splenic flexure 
Descending colon 
Pelvic colon 
Not stated 

Totals 

WOUNDED WITH 
STOUAW 

2 

1 
4 

2 

4 

- 

- 
- 

13 

TOTAL 

5 
1 3 -  7 I 
22 3 1 

28 
41 
22 

155 257 

Nofe 

b. There were 5 cases in which the stomach and small gut were both wounded along 
The total colon wounds therefore number 5 less than the grand total given 

a. There were several cases In which two parts of the colon were wounded 
the highest wound only has been given. 

with the colon. 
in the table. 

The comparatively small number of times that the splenic flexure was 
injured is somewhat remarkable. It may be that the difficulty of differ- 
entiating between transverse and descending colons and splenic flexure may 
have soniething to  do with this, and that some of the injuries of the two 
former parts should really have been described as lesions of the latter, the 
observations were made, however, by a number of operators. 
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The solid organs do not often seem to be injured at the same time as 
the colon. The kidney was hit 7 times, the liver 7 (hepatic and transverse 
colon), and the spleen 7 The bladder was injured 4 times (for 2 cases of 
associated wounds of the bladder and rcctiun, see Rectum). The ureter was 
inlured in 2 cases. 

Nature of Injuries.-The injuries of the large intestine are really similar 
to those of the small gut. The differences that are to  be noted are due to  
(1) its larger size, (2) its absence of coils, (3) its absence of mesentery, and 
(4) its proximity, in some portion of its extent, to bone. 

1. The large size of the tube leads to  a preponderance of tears or perfora- 
tions, but instances are met with in which the whole lumen is completely 
divided, and this happens both in the fixed portion and in that endowed 
with the mesentery. This complete division is, I think, due t o  a collapsed 
condition of the gut, when it may be, as is well known, but little bigger than 
the small intestine. 

2. The absence of coils means that  multiple injuries are not common, 
and when they occur are not so numerous as in the small intestine. The 
multiple injuries arc found at the bends. In  oiic case which may be mentioned, 
there were six perforations-two in the ascending colon, two in the hepatic 
flexure, and two in the transverse colon. In  another case there were three 
wounds in the caecum and ascending colon, and two in the hepatic flexure. In  
a third case there were five wounds in the pelvic colon. 

3. The absence of the mesentery over the great part of the colon mcans 
a frequent occurrence of retroperitoneal wounds. These are difficult t o  find, 
and are largely responsible for the heavy mortality. The partially covered 
portion of the small intestine-namely, the duodenum-has likewise a very 
large niortality 

4. The proxiniity to  bone leads to  wounds of the CEeum. the two vertical 
colons, and t,hc pelvic loop, by spicules of bone , and, as has been pointed out, 
these injuries are apt t o  be overlooked, because the perforations in the 
peritoneum are not conspicuoiis. 

1nfurcfzon.-This type of injury is met with in the small intestine, but I 
think i t  is rather commoner in the large. The cecum with the ileum, and 
the descending and iliac colons have all been found In this state. Interference 
with the blood-snpply also leads apparently to  an ulceration of the mucous 
membrane, which comes on fairly quickly after receipt of the wound. 
Captain Dunii has collected several cases of this type of injury which he will 
publish in due course. 

Escape of Contents.-The large intestine is often laden, but the condition 
of the contents renders massive escape less frequent than it would otherwise 
be ,  however, taken all in all, escape from the large intestine is more frequent 
than from the small, especially when the cecum and ascending colon are 
iiivolvcd. 

Character of the Lesions in the Different Parts of the Colon.-- 
Cecum.-There have been a fair number of czecal wounds. Most of them 

In  other 
In one 

In  a good many eases there 

have been small in extent, and have lent themselves to  suture. 
cases the wounds have been so big as t o  necessitate an artificial anus. 
case there was brtiising of a transposed cEccum. 

VOL. IV-NO. 16 47 
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was a large retroperitoneal hacmorrhage , and i t  may be here mentioned that 
this injury was in ond instance accompanied by acute dilatation of the stomach. 

Transverse CoZon.-All kinds of wounds are met with here, from a simple 
single lesion to  complete division. True anteroposterior wounds me not 
common, and as a rule the transverse colon is struck obliquely, the bullet 
passing through the anterior part of the lumen. It has already beeii stated 
that such wounds are often accompanied by lesions of the stomach and small 
intestine. 

The posterior surface IS sometimes woiinded, and this may be overlooked 
unless i t  is h r n e  in mind that  such an iniiiry is possible, for it is not obviolis 
unless a special search IS made. Bleeding from the vessels supplying thls 
portion of the bowel is fairly frequent. 

Vertical Colons (Ascending mid Descending Colon).--It 1s convenient 
t o  take these two portions together, as they have no mesentery. Both, and 
especially the descending colon, lie rather further from the lateral liiie than 
would appear. The wound may be completely intraperitoneal or extra- 
peritoneal, or both combined. Thc actual lesions are perforations, slits, tears, 
or complete divisions. Perforations are most commonly met with in side-to- 
side wounds and complete division in anteropostcrior wounds. All varieties 
may be complicated with small-gilt injuries. ,4t the base Makins noticed that 
wounds of the ascending colon were more common than other colon wounds, 
and hc attributed the frequency of the complicated descending colon wound, 
compared with that of the ascending, to  the fact that the small gut overlies it. 
This explanation seems to  a certain degree just. Out of 41 wounds of the 
ascending colon, only 5 were complicated by small-gut lesions, whereas 28 
wounds of the descending colon had associated small-gut injuries 111 9 instances. 
On the other hand, wounds of the ascending colon are more frequent than those 
of the descending-41 to  28. The comparative rarity of descending-colon 
wounds may be due t o  the fact that the descending colon lies so deep, that 
any bullet passing from side to side and involving i t  and the small intestine 
would traverse a coroiial plane situated so far back in the body as to 
involve the spine and p e a t  vessels. Of coiirse an anteroposterior wound 
would involve both the small and large intestine here, but these are not so 
common as the side wounds. 

The iiitraperitoneal wounds of the vertical colons are fairly casy to find 
and to  deal with if a suitable ineision is used. The extraperitoneal are very 
difficult, and most probably arc more often missed than any other. In  thc 
first place the extraperitoneal wound, which may be small and valvular, is 
difficult to  find because it lies in a mass of areolar tissue, and the difficulty 
will be greatly increased when this tissue IS infiltrated with blood, as it 5 0  

often IS. To 
this class of ease Fraser has given the apt  term ‘colon septiczmia.’ I have 
seen i t  prove fatal within twelve hours, and that with an open wound. 

Hepalac Flexure.-Next t o  the transversc colon the hepatic flexure is thc 
easiest of all to  deal with, as it lies fairly superficially. Its form leads to 
multiple injuries. 

Splenzc Flexure.-This, from its position, is the hardest of all the large 

The great danger is that of an infection of the areolar tissue. 
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intestines to deal with, and even with the best-placed incision i t  is difficult to 
properly examine without mobilization. One cannot help thinking that the 
presence of the splenic flexure has something to  do with the mortality which 
has been shown to exist in wounds involving the left hypochondrium (see 
Fig. 417). 

Pelvzc Colon.-This portion of the large intestine is, anatomically, more 
like the small intestine than any other part of the colon, and the lesions are 
somewhat similar. There are slits. perforations, or complete divisions , and 
it  is, next t o  the transverse colon, most often complicated with multiple small- 
gut and bladder injuries! Fracture of the pelvis, so often associated, increases 
the gravity of the case. I have been struck with the great variations in 
position, as shown by the different situations of the wounds of the gut in 
different cases in which the bullet has taken a similar direction. 

Symptoms.-The symptoms of intraperitoneal wounds of the large gut 
arc similar to those of the small intestine. A great difference lies in the 
hehaviour of the extraperitoneal wounds, where all grades of infection are 
met wth.  Sometimes we have cases of acute sepsis, with or without gas 
formation, which are fatal in a few hours. Such cases are often past help when 
they arrive. They are cold, blanched, and clammy, and the pulse is running, 
in fact. their appearance often suggests acute hEmorrhage. The dangerous 
sepsis-shown by the high mortality-+f the colon anus, when formed in the 
vertical colons, has led some operators always to  make an  attempt to close 
the wound. Unfortunately the damage is already done when the case has 
come under treatment. In  other cases the symptoms are less acute, or are 
not seen when the case has arrived. Some with a small single loin wound, 
arriving late, aiid left, may do well a t  first , then the usual signs of intoxi- 
cation and local tenderness appear. In  these an incision opening up the 
wound causes an amelioration. A certain number of cases appear t o  be 
due, not t o  colon infection, but t o  infected material carried in with the 
projectile. 

Treatment-In spite of the fact that some uncperated colon eases did 
arrive a t  the base and recover, I do not think there are any surgeons who 
have had experience in operating who would advise abstention on this 
ground except in cases which arrive late. 

Inczszon.-It may still be necessary to use a paramedian incision for a 
general exploration of the abdomen, for the exclusion of, or for dealing with, 
other inpries. The transverse and pelvic colons are best dealt with from 
such an incision, as these lesions arc commonly associated with those of the 
small gut. It may be necessary in certain cases to supplement this median 
incision with one towards the side of the body 

When the projectile has traversed only one side of the body, the hori- 
zontal loin incision is by far the best ,  here again the value of an s-ray 
examination in cases of single entry wounds is to be insisted on. The rectus- 
sheath incision may be preferred by some for exploration of the hepatic and 
splenic flexures , but the association of kidney injuries with these wounds 
makes a horizontal incision more expedient, as the kidney can be dealt with 
in the posterior extremity of the wound, whereas an attempt to  remove the 
kidney through the anterior incision is not very convenient or desirable. 
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Open wounds involving the loin, and possibly involving the colon, may 
be dealt with by local enlargement, but in the absence of x rays, a median 
incision to exclude other injuries is most probably the best. 

Method of Dealing with the Leszom-This is largely determined by three 
factors ( a )  The size of the tear ; ( b )  The situation of the tear ,  and ( c )  The 
state of the patient, in whom other injuries may have been dealt with. 

Caecum and ascending colon here it is better to  suture if possible, and 
provide adequate drainage if there is any possibility of an extraperitoneal 
wound, or if there is any hzmatoma. In  wounds of the extraperitoneal part 
which have only been found after mobilization of thg colon, even if suture is 
possible, i t  IS advisable to shut off the general peritoneal cavity by a line of 
sutures joining the anterior surface of the bowel to  the lateral abdominal wall. 

the transverse colon IS the most casily dealt with of 
all the colon lesions. When the wound is large, the question-is really one of 
whether suture or an artificial anus IS the quicker method of dealing with 
the case, for here probably other lesions have been dealt with, and the con- 
dition of the patient is not likely to  be very good. 

Vertical colons small lesions are easily closed if intraperitoneal. 
Wounds involving the extraperitoneal portions of the gut are dangerous, 
and, even if they are closed by suture, adequate external drainage must be 
provided. No donbt suture is the ideal method, but it IS often very difficult, 
and in some cases impossible, owing to the loss of substance. Here the only 
plan is to make an artificia1 anus. In  the retromlic haematomata so often 
met with, it is often impossible to  exclude colon injuries , these therefore 
must be freely drained. 

Hepatic flexure the same rules apply here as to the transverse colon, 
the only point being that mobilization of the flexure may be necessary to  get 
at the lesion. 

Splenic flexure this is the hardest of all to  manage satisfactorily, 
both on account of the difficulty in reaching it, and of the mohilisatioii 
necessary to  find the hole. 

Care must 
be taken to  exclude wounds on the border of the gut uncovered with 
mesentery. I n  one case a minute fragment of bomb had entered the 
mesentery, which was here loaded with fat, at a little distance from the 
bowel, and had penetrated into the bowcl at the mesenteric attachment. 
The Trendelenburg position greatly facilitates treatment of low-lying injuries. 

Transverse colon 

An artificial anus is often necessary 
this is easily dealt with in its upper portion. Pelvic colon 

Table 16. 

' 11 
8 
2 

~~ ~~~~ 

SITE OF LESION 1 SUTURED I ARTIFICIAL ANUS 

Czecum 
Ascending colon 
Hepatic flexure 
Transverse colon 
Splenic flexure 
Descending colon 
Pelvic colon 
Not stated 

13 
25 
16 
13 
10 
9 

16 -- 

8 
8 
7 
G 
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The preceding table of uncomplicated colon injuries (Table 16) shows the 
site of the lesion and the treatment. 

An interesting fact shown 111 the table is the small number of artificial an1 
that it was found necessary to establish at the site of a lesion in the transverse 
colon. 

Yroxamal Colostom~~.-I imagined when starting work that proximal 
colostomies would have a much wider application than I have found to be the 
case. They are. of course, useful in limiting the amount of septic absorption 
in cases of wounds of the vertical colons, but, as has been pointed out, this 
tissue is already infected at the time the cases come under treatment. One 
docs not feel inclined to make an extra opening in the bowel, often a t  the end 
of a long operation. Proximal colostomy to be of any use must be complete, 
and it probably finds its best application in those cases of loin wounds on the 
left side in which sepsis develops late, and in rectal injuries. A cecostomy is 
a perfectly useless procedure. Of 10 proximal colostomies, 5 were for rectal 
wounds and 5 for wounds below the transverse colon. 

Mortality and Causes of Death.-Thc mortality of colon wounds, uncom- 
plicated with other lesions of the alimentary tube, is 58.7 per cent, it may 
be compared with that of the small intestine, which is 65.9 per cent. The 
colon mortality is greatly raised by that of the colon anus, for whereas suture 
of the colon has a mortality only ;List over 50 per cent, that of colon anus is 
73.5 per cent. This is greatly due to sepsis of the retroperitoneal tissue. 
which is often vrry acute, and fatal in a few hours-the coloii septicmiia of 
I k ~ s e r .  

No definite comparison can be made between the different parts of the 
colon, as the figures arc not large enough. Table 17 shows such figures as 
are available (suture and anus). 

Table 17 

Caecum 
Ascending colon 
Hepatic flexure 
Transverse colon 
Splenic flexure 
Descending colon 
Pelvic colon 

8 
14 
8 
5 
4 
8 
8 

7 
10 
11 
10 
7 
6 

, 10 

Itiis interesting to compare the above figures with those given by Makins 

Table 18. 

in the prc-operative days - 

PW-OPERATIVE OPERATIVE 
SITE PERIOD ( h W )  PERIOD (Front) 

Small intestine 

Great intestine 
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Table 18 clearly indicates that in the prc-operative period a man with a 
colon wound had the better chance, and this advantage still continues. though 
the margin is narrower. The question of the disparity in numbers of wounds 
of the asccnding and descending colons that arrived a t  the base in old days 
has been dealt with, and it need only be said now that the smallness of the 
number of wounds of the transvcrse colon that got to  the sea was, partly a t  
any rate, due to the frequency with which injuries of this part arc com- 
plicated with stomach and small-gut woimds (sce Table of Colon Injuries). 
The position of thc vertical colons would favour their lesions becoming sealed 
off from the general peritoneal cavity, and one still sees instances of this. 

RECTUM. 

Frequency.-In 965 operated cases the rectum was wouiided 21 times. 
Associated Injuries.- 

Table 19.-A TABLE OF RECTAL INJURIES. 

\ I S C E U  ITOUSUI*:D RmJAliKS 

Rectum alonc 3 werc intrapcritoncnl 

Rectum and smnll gut All intraperitoneal , 
d l  sutured 

Tlie bladder was wounded on 2 occasions. 
A proximal colostomy was performed 9 tiincs, with 5 deaths. 

Character of the Lesions.-Wounds of the rectum can be roiighly 
divided into two classes (1) Those that may bc said to complieatc wounds 
of the buttocks, the ischial fossx, or the perineum, (2) Those causcd by 
missiles that traverse the pelvic portion of the abdomen. Both are Iilcdy to 
hc accompanied by fracturcs of tlie pclvic bones, spicules of which may wound 
the gut. 

In the 
last case, especially, the external damage may be very great, and a la.rgc 
portion of the glutcal region torn away, the anus and lowcr portion of the 
rectum may be completely aviilscd, or thc lumen opened on onc side only 
If the projectile 1s small, the sphincter may be left intact, and the lumen of 
the tube perfora.ted above that muscle. The pentoncum may or map not be 
opened. Thc danger most. to be feared is sep t~c  absorption, bnt 011 the 
whole, extensive woiinds of the biittocks do not do so badly at  the front. for 
they are widely open by the nature of the injury. On the other hand, there 
is very considerable daiiger of gas gangrene in the gluteus maximus. 

Wounds involving the sacrum, although not opening the gut, h a w  
provcd very fatal from septic infection of the presacral areolar tissue. 

2. The partially covered rectum may be wounded extraperitoneally, 
or intraperitoncally, or both. Often there are also accompanying wounds of 
thc bladder and small intcstinr. Missiles that cause such in~iiries take a 
side-to-side, antcroposterior, or semi-vertical direction. If side-to-sidc, the 

1. The missile may bc a bullet or a small or large shell fragment. 
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entrance and exit wounds lie on thc posterior aspect of the buttocks, and 
whether the missile catches the extraperitoneal or intraperitoneal surface, or 
both, depends on the plane traversed, and the obliquity of this plane to  the 
coronal plane of the body. 

The side-to-side wounds are very deceptive, leading one to  think, from 
the posterior situation, that they have missed the bowel. 

Treatment.-The two classes of cases require separate consideration. 
1. The treatment of wounds not involving the peritoneum follows 

ordinary lines, and consists of providing drainage by laying open the track and 
in some way dividing the sphinctcr (hlakins). If the peritoneum has been 
opcncd, something may be done by shutting off the abdominal cavity by 
sutures. The question of colostomy must be considered, and its expediency 
must be determiiicd by the difficulty or otherwise of keeping the patient cleaii 
and comfortable. It will bc mostly called for in those cases in which the 
whole lower segment of the bowcl has becn carried away and the torn bowel 
is lying patent in the pelvis. In  such cases the lumen may be closed by 
sutures or a purse-string ligature, which device will a t  all events tend to  limit 
contamiliatioil of the pclvis while adhesions are forming. If a colostomy is 
necessary, traiisvcrse colostomy is the operation of choice, because of the 
ease of cleansing the opening, o€ the fitting of a belt which will then lie on 
the natiiral line of the waist, and of siibseqiient closure If this is desirable. 

3. There will not be, as a rule, much doubt that  aii exploratory ccrliotomy 
is the correct procedure, but if any doubt exists, it will be well t o  err on the 
side of operation, I refer more particularly to  the side-to-side and semi-vertical 
wounds. If the peritoiieal surface has escaped. the abdomen can be closed 
mid the wound opened up from the bowel. Antero-posterior wounds can 
often be sutiued, though from their depth in the pelvis, great difficulty may 
be experienccd. A drain down to  the lesion is a wise precaution in all cases, 
and the question of a transverse colostomy must be determined by the 
probability or the reversc of the snturc holding. The most difficult eases of 
all are those which involvc the rectum at the very bottom of Douglas’s pouch, 
and here a reliable suture is often practically impossible. It has been suggested 
that i t  might bc good treatment to introduce a tubc through the anus up to  
the side of the lesion, and to  cut off the bottom of Douglas’s pouch by sutiiring 
the pcritoneiim over it. 

When the bladder is wounded in a corresponding position, I t  IS most 
probably best, as was done by Captain Drummond in one case, to  open the 
bladder and suture the wound from the inside. A suprapubic cystostomy and 
a simultancons colostomy are to  be avoided if possible. 

LIVER. 
Frequency.-In 965 abdomiiial operatioiis the liver was wounded 163 

times, and 148 of these were uncomplicated. To these must be added 23 
cases i n  which no opcration was done, but in which the liver was almost 
certainly wounded. 

Associated Wounds of Other Organs.-These are shown iii Table 20. 
It IS probable that the liver was wounded in associatioil with other organs 
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TO BASE DIED VISCUS IKJURED WITH IJVER 

Stomach 5 6 
1 

1 
1 
4 

,, and small gut - 
,, small gut, and colon - 
,, and colon - 

Small gut - 
,, and colon - 

cdion 2 5 
Kidney 3 9 

2 Pancreas - 

No 
KNOIVS 

4 
- 

2 ' -  
- I 

- 
I 

- 
2 - 

Nature of Injuries.-A good many cases of rupture by horse kicks have 
been seen (though not included in this series), but most of the wounds 
are caused by projectilcs, a i d  aggravated by fractiired ribs driven in by 
the missile. The wounds are of all types, from a simple perforation, or an 
avuIsron of fragments, especially of the anterior edge, t o  an almost complete 
disruption. 

Thc wounds are usiially commciisurate with the sizc of the projectile. 
thus, bullets, and small shell and bomb fra,pents, make perforations or scores, 
larger shell fragments cause more ragged wounds. The friable nature of the 
liver, as would be supposed, lends itself to  tearing and fragmentation, thus, 
there may be radiating fissures €rom n central holc, crater-like exits, or pieces 
nearly or completely torn off. In some cases a bullet produces the most 
extensive destruction , this is said t o  accompany short-range wounds, but 
as before stated, I am not convinced of it. The track or torn surface is a t  first 
ragged and bloody, seen aftcr twelvc or twenty-four hours it becomes a dirty 
yellow-brown , and later it may be a vivid yellow colour due to  bilious 
staining. The injury, to  judge from microscopic sections, is usually limited to 
the vicinity of the wound, and in those cases whrre destruction of cells is 
found a t  some distaiicr from the wound, it is most probably due to an infarc- 
tion phenomenon (Captain J S. Shaw). At any rate, these infarcted areas 
are by no means uncommon. 

HEmorrhage varies, it is not altogether commensiirate with the size of 
the injury, and its amount largely depends on whether a big vein has been 
opened or not : if not, bleeding usually ceases spontaneously in from SIX to 
ten hours. The gall-bladder, and the common and cystic ducts havc all 
been wounded, but the larger bile-passages do not seem to be so often 
wounded as one might expect. Sometimes in the abdomino-thoracic wounds 
both blood and bilc escape into the pleura, without any special detriment to  
the patient. 
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TREATMEXT TO BASE' DIED 

Operation (complicated) 26 

,, (uncomplicated). 1 :i 32 

I -  No operation (no indication) 
- 

Symptoms.-The symptoms are often slight, and one has no doubt in 
deciding that the right course is the ' expectant ' one. Sometimes the 
symptoms seem surprisingly severe, and I can recall two cases of tangential 
wounds of the liver which could not have involved the liver decplv, and in 
which there was no sign of blood in the abdomen, both of which were extremely 
shocked, one ending fatally, unfortunately there was no post-mortem. In 
two other unopcrated cases, men with pulses of 160 recovered, 

There are the usual signs of abdominal injury, the main ones being those 
of hzmorrhage, which manifests itself in the usual way. 

Jaundice.-Jaundice of a slight and evanescent character, accompanied 
by bile in the urine in some cases, is seen in thc early stages, it IS of no great 
importance, and usually passes off, its cause is not known. The septic forni 
of jaundice which is seen at the base in a considerablc number of cases, and 
which not infrequently ends fatally, IS also seen a t  the front within three or 
four days of the receipt of the wound. There has also been one case of severe 
biliary peritonitis which ended fatally thirty-six hours after receipt of the 
wound, there was much bile in the peritoneum, and no other injury to  account 
€or the peritonitis. Of course it is impossible to  deny that infection may have 
been carried in with the projectile. I quote this case because there is con- 
siderable diflcreiicc of opinion as to whcther bile can cause peritonitis. I n  
the pleura, apparently, it is oftcii quite innocuous. 

For the late facts of liver wounds I cannot do better than refer the reader 
to  Sir George Mahns' paper on t,his subject which appeared in the BRITISEr 
JOURNAL OF SURGERY, No. 13, Vol. 111, 1916. 

Mortality and Causes of Death.- 

Table 21. 

z& 
4 

- 
- 

The following list, which shows the clinical cause of dcath in a 
series of consecutive cases jaundice and sepsis, 1 , shock aid hxmorrhage, 9 ,  
' biliary ' peritonitis, I , lung troublc, 4 , gas gangrene, 1. 

In uncomplicated wounds, the mortality has a distinct rclatioii with the 
ainount of injury, both because of the qiiantity of blood lost and on account 
of the amount of injured substance. No connection has been traced betwecn 
the direction of the projectile and the fatality, but Makins says that side-to-side 
lesions were commoner at thc basc. Injuries of the big bile-passages do not 
secni t o  increase the gravity to  any appreciable cxtent. 

Treatment.-Some cases require no operation, as there are obviously no 
other organs wounded and the patients' condition is good. Many cases are 
operated on solely because of the possibility of injury to other organs. If 
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such injuries could be excluded, I am inclincd to think that the best results 
would be obtained by non-interference. 

The incision for an obvious liver wound is either an 'f '-shaped rediis 
incision, or a subcostal one. A recent French work on surgery recommends 
an incision parallel to  the costal margin, passing through the costal cartilages ; 
access to  the dome of the liver is said to  be greatly facilitated by this method. 
The actual treatment of the wound when found consists in leaving i t  alone, 
packing it, or suturing. The big bile- 
passagcs can be dealt with on ordinary lines by suture and-drainage. 

The latter is not very satisfactory. 

PANCREAS. 
Frequency.-In 965 operated cases the pancreas was wounded 5 times. 

Very few of such injuries have been noted. Possibly many are missed, and 
dragnosed as retroperitoncal hamatoma. In  addition, many may be 
rapidly fatal; the association of the gland with the big vessels need hardly 
be mentioned. 

Associated Injuries.-The organ was found woundcd 3 times with other 
viscera-namely, stomach, stomach and liver, and stomach and kidney. -411 
three were fatal. It was wounded alone on 2 occasions, one of which went 
to the base without symptoms. 

Symptoms.-There are no distinctive symptoms ; the lesions are found 
a t  exploration, and are often accompanied by fat necrosis. 

I'rognosis-One case was sent to the base in which the pancreas was 
obviously perforated by a bullet, the other cases were fatal. 

Makins has published some cases of wounds of this organ which he has 
seen at the base. He says that they were discovered during the performance 
of operations for intestinal injuries, and that the typical results of the escape 
of the pancreatic juice have been observed. They have usually proved fatal. 
He mentions one interesting case in which an absccss formed and was opened, 
In mhlch the patient eventually recovered and was discharged to  England. 
This man walked six miles after his wound, I-Te had been detained at  a 
casualty clearing station on suspicion of an inlury to the alimentary tract. 

SPLEEN. 

Frequency.-In 965 abdominal operations the spleen was found 

Associated Injuries- 
wounded 5 1  times. In 32 instances it mas the only organ damaged. 

Table  TABLE SHOWING TRE COMPLICATING INJURIES.. 

- 
- 
- 
- 

Stomach 
Stomach and colon 
Small gut . 
Small gut and colon 
Small gut and kidney 1 
Colon. 
Colon and kidney I, Kidney .. 

DIED 

4 
1 

- 
3 
2 
2 
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Nature of Injuries.-These consist of perforations, tears, slits. avulsion 
of upper and lower poles, and complete disruption (Fig. 424). The injury 
is often aggravated by broken ribs. 
Rupture through an intact diaphragm 
has been described. (See Rupture of 
Solid Organs by Indirect Violence of a 
Passing Projectile, p. 693). There was 
also a ciirious case in which a wound 
was produced by a piece of hard clay 
(Fraser) . 

Symptoms. -The symptoms art: 
mainly those of hamorrhage, and thc 
diagnosis is made on these and on 
the position of the wound. Very often 
the organ is only found wounded in 
the course of an exploratory operation. 
Thcre is nothing special about the 
hzmorrhage, and the dnmminq up of 
blood i n  the left loin which has been 
said to he a fenture of this injury in 
civil practice has not been conspiciious 
in the present campaign. The amount 
of hzmorrhage varies very much, and 
depends mainly upon whether the 
vessels are Injured. Unless this is the 
case, the hemorrhage has usually ceased 
when the abdomen is opened. 

T r e a t m e n t-In uncomplicated 
wounds, a subcostal incision, or a 
rectir.;-sheath incision with a transverse 
extension, is the most suitablc , but 
unfortunately a diagnosis of splenic 
injury alone can seldom be arrived 
at. The kidnev is verv likelv to  be 

Fm. 424. 
Lacerated bullet wound of spleen. 

wounded, and has been’removed with the spleen in several cases. If the 
hieniorrliage has ceased, the organ is best left alone. Suturing or parking 
will control the hremorrhage if this is going on. As  a matter of fact, 
sutured holes are apt to  bleed almost as much as a raw surface, unless the 
hemorrhage is fairly free. Excision should only be resorted to  if the organ 
I S  totally disrupted or the vessels are torn. 

One point has to be borne in mind in opcrating on these cases, especially 
if associated with wounds of the kidney vessels. The hemorrhage, which 
very likely has been controlled or diminished by the clotting, is likely to  
re-start in an alarming,manner directly the clot is disturbed. It is therc- 
fore absolutely necessary to  have everything ready for t h e  arrest of 
hemorrhage. 
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Stomach 

Colon 
Pancreas 
Liver 

Small gut 

The following table shows the treatment adopted - 
Table 23. 

- 
4 
3 

3 
-- 

FACSBD, SUTURED 
AWCKATION WITE OTEER 1 OR LEFT ALONE 

ErclsED 

WOUNDS 
[To Uase I Died /To Base 1 Died 

With other organs 

There were 5 cases in which the spleen and kidney were both excised, 
2 of these were fatal. The other 2 fatal cases of exrisxon in complicated 
wounds were instances of wounds of stomach and spleen, and colon and 
spleen, respectively 

Mortality and Causes of Death.-Shock and hzmorrhage are the 
main causes of death. One curious case ma.y be quoted, that of a simplc 
perforation of the spleen, where death occurred suddenly without cause on 
the fifth day The mortality in uiicomplicated cases wa5 50 per ccnt, in 
complicated cases 63.6 per cent. 

KIDNEY. 

Frequency.-This organ was wouiided 73 times in 965 abdominal 

Associated Injuries.-The following table shows the mimber of times 
I i l J U ~ i ~ S .  

each complicating organ was hit. 

It was the only visciis w o t d e d  i i i  84 instanccs. 

Tnble %.-KIDNEY WOUNDS C03fPLICATED WITH \VOt?iUS 
017 Orrrm ORGANS. 

O T I E ~ ; : ~ ~  iTo BArlrl DIED 1 *gEn 

I 

Nature of Lesions.--In two caws both kidncys were hit by thc saiiie 
missile. 130th were fatal, oiie had paraplegia. The nature of the projectile 
has no particular effect on the injury. A\ is the case with other solid organs, 
the kidney IS liable to  extensive ruptme. The actual lesions may be per- 
forations, scorcs, furrows, avulsioii of poles, and heniisection. Sometimes 
the kidney is found lying loose, thc pedick having been riiptiircd , some- 
times the pclvis is alone perforated, a t  other times the vessels are completely 
divided, the ureter remaining intact. The amoiint of hamorrhage depends 
upon whether a vessel has been injured or not ;  there is very ofteii a coii- 
siderable perinephric hzmatoma. In contradistinction to  civil injiiries, 
intraperitoncal hsniorrhage is vcry frequent. 
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Symptoms.-The shock is not as a rule very great, and depends largely 
on the amoimt of blood lost ,  this, perhaps, is peculiar, when onc remembers 
the effect produced by the kidney blow in boxing. On the other hand, one 
sees cases of kidney i q w y  which recover without operation, in which the 
pulse may be as high as 140 and the shock extreme. Thc dullncss due to  
free flmd in the abdomen is more common than in civil injuries, and manifests 
itself in the right or left side according to  thc organ injured. 

The 
absence of this sign is drie either to  suppreisioii, or t o  the jmsencc of clots 
or pieces of kidney in the water. Profuse hscmorrhage into the bladder is not 
common it1 the early stagcs. Hzmaturia usually clears up in a few days. but 
may persist. 

Extravasatzon of Urzne.-This is not usually marked, and is most probably 
limited to  those cases in which the pelvis is involvcd apart from the body of 
the organ. 

Gas Infection.-This has occurred in the pcrinephric haematoma in a 
certain number of cases. 

Ezcretaon of Ulrne.-The escape of urine through the loin wound IS often 
delayed. This may be dne, like thc abscncc of hzcmaturia, to  suppression, 
or blocking of the dnct. In  two cases of double wound no urine was passed 
into the bladder, though it is doubtful whethcr there was not some from 
the loin wounds. Anyhow, the double wound seriously interfered with thi9 
function. It is possible, therefore, that if only one kidney IS wounded, it 
ceases secreting. 

I asked Lieutenant Sampson, who had a rather extensive experience with 
these injuries. to measure thc amount of iirine after the excision of one kidney, 
the amount if anything was diminished, being somewhere about 25 ounces in 
the day The patients were riot thirsty, and did riot demand water, but if they 
were put on a forced hydropathy, the remaining kidney at once responded, 
and passed up to 80 or 90 ounces. 

Makins mentions a case in which ncphrectomy, performed for late per- 
sistent haematiiria and dysuria, where the daily amount of urine was about 
90 ounces, was followcd for three days by the daily passage of 7 pints of urine. 
The quantity decreased until normal was reached on the seventh day. 

In  the BRITISH JOURSAL OF SURGERY, 1'01. IV, No. 15, Captain Bashford 
has described the changes met with iii wounded kidneys. 

Secondary Complications.-A secondary hzmorrhage is a fairly frequent 
late complication, and apparently occiirs most frequently during the second 
a i d  third week after injury Some- 
times the sccondary hzmorrhage may start afresh, or it may manifest 
itself as ail exacerbation of a persistent primary hemorrhage. Unlike primary 
hzcmorrhagc, i t  is often accompanied with clotting of the blood in the bladder 
(Rfakins, BRITISH JOURNAL OF SURGERY, Vol. 111, No. 12). 

Harnaturta.--This is usually present, biit it may not occur a t  once. 

The urine is generally coiitaminatcd. 

Treatment.- 
The method of treatment adopted in the cases enumerated under ' kidney 

explored ' (Table 25) was packing, suture, or nothing, the actual procedure 
depending on whether the organ was bleeding or not. A loin drain was 
used in many cases. In  a large number of instances it is probable that 
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the cases would have recovered without operation, which had to be under- 
taken to  exclude other injury. Nephrectomy should be reserved for those 
cases in which the vessels are torn or the organ is completely shattered, If 
the kidney is probably the only organ wounded, or if the missile track only 
crosses one side of the abdomen in a horizontal direction, the transverse 
incision is the best. 

Table 25.-Tan~E OF OPERATIONS. -- 
OrERATION (TOBASEI DIED 

Kidney explored* 
Nephrectomy (uncomplicated) 

(spleen wounded) 

(colon wounded). 

~, (colon wounded) 

5 )  (liver wouiided) 
1, (bladder wounded) 

,, and splenectomy 

25 1 7 
2 3 
3 0 
1 1 1  

* In these cases the kidney was considered the principal wound, and so the 
operation IS entered under this head, the kidney was found wounded in many 
other cases in the course of an abdominal exploration. Among the cases that 
went to the base were 1 case of wounded liver and 2 cases of splenic injury 
Among the fatal cases were 2 cases of liver wound and 1 of splenic wound. 

As was stated in speaking of splenic inpries, the hzmorrhage from 
\vounded kidney vessels is very liable to  re-start with alarming rapidity 
directly the clots are disturbed, and i t  is rather interesting here to  mention 
that  the number of kidney wounds treated at an advanced operating centre 
Scems to be larger than in the casualty clearing station. This is most probably 
due to  the fact that  the cases arriving earlier have not suffered so much from 
hamorrhagc. 

Mortality and Causes of Death.-In 34 uncomplicated eases there 
-mere 6 deaths. Shock and hacmorrhage are by far the most common causes 
at the front. Associated wounds of the liver and kidney seem to constitute 
a very dangerous combination. At the base, secondary hsmorrhage and 
sepsis. play the chief part in thc fatal result. 

UBETER. 
The ureter is not very frequently injured, a i d  the cases that we have 

The injury was found in the course of an exploratory 
Suture or drainage formed the methods of treatment, 

had have done well. 
ccliotomy 

BLADDER. 

Frequency.-This organ was perforated 45 times in 965 operated cases. 

Associated Injuries.-The small intestine is the organ most frequently 
It is rather remarkable how seldom the pelvlc colon 

The pelvis is fractured in a large 

In 25 instances i t  was the only organ inJured. 

wounded in association. 
or rectum is perforated a t  the same time. 
proportion of cases. 
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Table 2 6 . - T n n ~ ~  OP B u n n m  WOUNDS. 

ASSOCIATION NETE OTHER ~VOUKDS 

Small gut (resection): all intraperitoncal 
,, ,, (suture), one extraperitoneal 
,, ,, (resection), colon anus 
,, ,, ( ,, ! , rectum (suture) 

Colon’ , 

Rectum extrweritoneal 

Total 

TO BASE 

- 
DIBD - 

4 
7 
1 
1 
2 
I 
11 
3 - 

11 I 30 

- 
NOT 

KFOIFii 

* Transverse colon, 1 , pelvic colon, 1 , wound of bladder extraperitoneal, 1.  

Nature of In juries.-These may be either intraperitoneal, or extra- 
peritoneal, or both. The intraperitoneal lesions-perforations, tears, or 
slits-are very often not extensive. The extraperitoneal wounds, often 
accompanied by much hematoma, are slits or tears. They are usually 
situated a t  the sides of the bladder, aiid are often caused by bony spicules. 
The combined intraperitoneal and extraperitoneal injuries are usually caused by 
obliquc wounds, the missilc entering by the lower lateral part of the bladder 
aiid passing out through the peritoneal surface. Projectiles sometimes lodgc 
within the bladder, and cause pain a t  a later period. 

Treatment.-Intraperitmeal wounds are, as a rule, easily sutured, except 
those which occur a t  the very bottom of Douglas’s pouch. The bladder 
should he explored for a foreign body. Suprapubic drainage is not necessary 
here. Catheterization for a few days may be necessary, or a catheter may 
be tied in, though this treatment is not to be continued for long. 

*Extraperitonea€ wound3 are treated by an incision down to the wound 
i n  the bladder, which latter may be sutured, if possible, and a drain left 
in the space formed by the opcration. If the wound in the bladder cannot 
be sutured, it is most probable that a drain down to the wound will bc 
sufficient, if there is any doubt, a suprapubic cystostomy is most probably 
the safest course. 

Colonel Fullerton, who has had much experience of these cases a t  the base, 
does not think that  a suprapubic cystostomy is necessary in extrapcritoncal 
wounds, as he has often seen cases a t  the bases do well dischargng urine 
through the various fistulous tracks caused by the projectile’s entrance 
through the buttocks or thighs. He  states, and justly, that  urine is an 
aseptic iliiid, and therefore need not be feared. It is quite true that many 
such wounds may reach the base, but a t  the front one Sees cases mounded 
extraperitoneally do badly and show signs of septic intoxication, aiid after 
meeting with such instances one does not feel inclined to  hold one’s hand 
on the chance of the case running a favourable course. 

Mortality and Causes of Death.-Thc uncomplicated bladder wounds 
show a mortality of 56 per cent, 14 deaths in 25 cases. Shock and htemor- 
rhagc form the causes in the majority. Fracture of the pelvis seems greatly t o  
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iiicrease the shock, a i d  wounds of the pelvic vein seem responsible for a great 
deal of the hamorrhagc. 

In  the case of complicated injuries the picture is dismal in the extreme. 
Most of these cases arc intraperitoneal wounds, which in civil practice, and 
uncomplicated, are not greatly feared. It would appear that  the increase in  
time nccessary to  repair the bladder, after other serious injuries have been 
dealt with, is ablc to turn the balance against the patient, for the mortality 
is much worse than in iiitestinal injuries alone. 

PROTRUSION OF OMENTUM AND VISCERA. 
By this is meant, not the exposure of the abdominal contents through a 

gap in the abdominal wall, but their prolapse through a wound, often com- 
paratively small. 

Omenturn.-As would be expected, the omcntum IS most frequently seen 
in  this connection. It appears in large or small amounts in wounds situated 
all over the abdomen, also in those, situated in both hypochondriac regions, 
where i t  reaches the outside of the body through interspaces or through 
broken ribs where oiic hardly would expect to sce it. There are two 
methods of extrusion of the omentum. It is either (1) carried out by 
the projectile, or (2) driven out through the entrance or exit wound by the 
intra-abdominal pressure. 

In  one case, where a shell fragment had entered above the umbiliciis in 
thc mid-line and had come oiit in thc right loin behind the lateral line 
of the body, the omentum was so firmly carried into the long oblique exit 
wound that it required considerable force to release i t ,  i t  was, in fact, 
strangulated within the abdominal wall, though none of i t  showed externally. 

Before operation became the ruIe, i t  was iaual t o  leave these tags to  
slough off, and probably this is still the best course to  pursiie if thc cases are 
scen latc. If seen early, it is best to  treat such cases as other abdominal 
wounds, and explore. In  several instances where this has been done the 
intestine has been found wounded. 

Stomach.-This has been foiind herniated by itself, aiid in association with 
the spleen, splenic flexure, and small intestine. In one case it was successfully 
sutured and replaced, though too much of the abdominal wall had been carried 
away to  allow the external openings to  be closed. 

Protriisions of the upper viscera arc accompanied by a good deal more 
shock than is protrusion of the small grit. 

Liver.-This organ has also been partly herniated. 
Small Intestine.-Xext to  the omentum, the small giit is most frequently 

herniated, and, as in the case of the omentum, it may be carried out or 
expelled. Sometimes a knuckle lying outside has becn actually wounded ; 
in other cases the extruded part has remalned intact, but there have been 
numerous lcsioiis in  the small grit within the abdomen. 

If seen carly, the ordinary rules apply, and the abdomen should be opened 
and the lesions repaired, if seen latcr-over twenty-four hours-it 1s not 
probable that anything can be done, but still it is bctter perhaps to explore if 
the condition of the patient justifies it. A great deal of small gut can be 
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prolapsed without excessive shock. A man wounded six hours previously, 
with the greater part of his small gut on his belly wall, had a pulse of 1’00, and 
was in very fair condition. 

Colon.-The transverse colon has been herniated, and in one case the 
gut was slightly herniated in the wound, as the injury was two days old, the 
constriction was relieved, and an artificial anus established. 

ANEVIBETICS FOR MEN WITH WOUNDS OF TBE ABDOMEN. 

BY CAPTAIN GEOFFREY MARSHALL, R.A.M.C. 

A patient with a penetrating wound of the abdomen usually shows sigiis 
of shock. In  a typical case the face IS pale, the extremities are cold, the pulse 
is rapid, and the blood-pressure below normal. If put t o  bed and surrounded 
with hot bottles, the man’s general condition will improve. Both surface 
temperatiire and blood-pressure rise. It is important that heat loss should 
be prevented during the course of operation. 

The Choice of Anmthetic.-Men who have been wounded less than 
forty hours previously are not good subjects for spinal anzsthesia. Intrathecal 
injection of stovaine is followed by a great fall of blood-pressure, which may be 
fatal. Patients with wounds of the abdomen appear t o  present no exception 
to this rule. The writer’s experience of spinal anesthesia for these cases 
has been limited and unfortunate. Three patients were each given 0.07 grm. 
stovaine, and all died withn a few hours of operation. 

The blood-pressure falls steadily 
during the course of the administration. If the operation is prolonged, the 
patient may die before the abdomen is closed, or during the next fern hours. 

Good results have been 
obtaincd with open ether. I ts  chief disadvantages are : (1) The loss of body 
heat caused by the prolonged inhalation of cold vapour. This is especially 
noticeable in the theatres of casualty clearing stations, which are commonly 
tents or temporary buildings, difficult to  keep really hot. (2) Irritation of the 
respiratory tract. This is most serious in winter, when many of the wounded 
have some bronchitis before operation. 

Men wounded in the abdomen are particularly liable to  develop bronchitis. 
This may be due to deficient movement of the lower chest. A t  this casualty 
clearing station, the proportion of cases which had bronchitis after operation 
was 54 per cent when open ether was used. With warm ether vapour the per- 
centage dropped to  14.7 These figures were obtained from two comparable 
series of cases occiirring in the same months of two successive years. 

Ether should not be given by the intravenous method to  men suffering 
from shock. In  these cases profoiind collapse may occur within two hours 
of administration. 

In  oiir experience the most satisfactory way of administering ether or 
chloroform is by the Shipway apparatus. The patient inhales a warmed mix- 
ture of air and anmthetic vapour. Induction is qniet and rapid ; the abscnce 
of struggling may save much blceding from wounded vessels. Breathing IS 

easy and noiseless. There is a remarkable abscnce of secretion. The patient 

Chloroform is an unsuitable anrcsthetic. 

Ether remains the dnig most generally used. 

VOL. IV-NO. 16. 48 
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recovers conscioiisness quickly, and vomiting is rare. It is usually possiblc to  
give fluids by mouth within two hours of operation. In  lengthy operations it 
is an advantage to  pass oxygen instead of air through the ether. 

When the projectile has penetrated the chest as well as the abdomen, 
ether should not be used. It is apt  to provoke fatal intrathoracic hzmorrhage. 
In these cases we have found the most successful method to  be a preliminary 
injection of hyoscine gr. &, morphine gr. Q, and atropine gr. =&, followed 
by a minimal amount of warm chloroform vapour and oxygen. 

It is not necessary to  give atropine before a warm ether vapour anssthetic. 
We have not found any advantage in doing so. Iii the majority of cases 
morphine should be withheld before operation, or given only in small doses. 
A man recently injured IS particularly susceptible to  further shock. This 
susceptibility IS greatly increased by large doses of morphine. 

Factors causing Fall of Blood-Pressure during Abdominal 0perations.- 
During the course of an ether ancsthetic, the blood-pressure shows a tendency 
to  rise. If there is much manipulation of gut and peritoneum, i t  will fall 
gradually. The process, however, may be continued for hours without the 
blood-prcssure falling to  dangerous levcls. Exposure of gut outside the abdoni- 
iiial cavity produces a much inore serious effect. If more than two or three 
feet of gut are exposcd, the blood-pressure will commence to fall after a few 
minutes. This effect 
is sccn when great omentum only is exposed. Surgeons shoitld be urged to  
make big xncisions, and work as milch as  possiblc with the gut lying inside the 
peritoneal cavity. 

Apart from copious hsmorrhage, there is one other procedure which 
causcs rapid fall of blood-pressure. This is turning the patient on his side. 
The effect is only produced if the patient has been under the anmthetic for a 
considerable time before being turned. At the end of an abdominal operation, 
for example, the patient may be in good condition. He is then turned on the 
right or left side, so that  the surgeon may excise a wound in the back. In 
a few minutes thcre is a great fall of blood-pressure and the radial pulse 
disappears. It may be hours before the patient recovers this lost ground. The 
iiidication is that wounds of the back should be dealt with before laparotomy 
Turning the patient produces no ill effect in the first half-hour of an ether 
aiixsthcsia. 

It will continue falling rapidly until the gut IS replaced. 

CAUSES OF FAILURE. 
Mental and Physical Strain.-It is commonly said that the surgeon in 

war has an advantage over his peace colleague in that his subjects are healthy 
yoiing adults. This, of course, is true, but still thcre is the strain caused by 
days of watching and alertness, and nights when sleep is difficult, interrupted, 
or impossible to  obtain. Then there is the cxcrtion of battle, which, for the 
time being a t  any rate, obliterates all sense of fatigue, so that many men do 
not know how tired they are until some woiind is received which prevents 
them going further. Next there is the journey to  the casualty clearing station. 
Sometimcs the men arrive practically asleep, and resent any interference or 
examination. Other men arrive in whom a state of excitement is still present. 
and thcv me willing and anxioiis to chatter about their experiences. Then, 
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after being fed they are dressed, and if they do not fall asleep in the process 
they do so immediately afterwards, and it is one of the most striking sights 
of the medical side of war to  see a large room filled with men lying on 
stretchers, some slightly wounded, some severely, some mortally ; but all 
asleep, and aslung for nothing but sleep. It is on such patients that the 
surgeon has to  work, and it may well be imagined how much the mental and 
physical strain may increase the effect of the inj-.iry 

Complicating Injuries.-One need add very little on this subject, cxccpt 
to  say that  every kind of bodily injury may be added to  that  of the abdomen. 
Compound depressed fractures of the skull, fractured long bones, multiple 
wounds, fracture9 spine, and avulsed limbs, are among such complicating 
injuries. In  considering the total mortality, and in appraising the worth of 
abdominal surgery, one must take these injuries into account, it may be said 
that  but for such extraneous injuries the mortality would be considerably 
lower. 

SHOCK. 
This can be considcred under two heads. (1) Sublective sensations, 

(2) Shock proper. 
1. Subjective Sensations.-The sensations of a man shot in the abdomen 

vary in a remarkable degree. As can be well imagmed, the size of the pro- 
jectile must have a considerable influence. The shell fuse-cap produces much 
the same effect as a violent blow from the heels of a horse, although there may 
be no open wound and the subsequent course proves that  there is no visceral 
injury A somewhat similar effect may be produced when a portion of the 
abdominal wall is torn away,  but as  the blow is a more or less glancing one, 
in such conditions the amount of ‘knock-out’ effect is often surprisingly little. 
Men have walked considerable distances with such wounds, their intestines 
supported by a dressing and bandage. To quote a case: A man had his 
abdominal wall ripped open by a bullet just as we were being compelled to 
evacuate a trench. He was bandaged up with a field dressing, and insisted 
on walking t o  a trench in the rear, where he lay on the fire step for some time 
until things became quiet and he was able to be taken away to the ambulance. 
He made a complete recovery 

Sometimes a man, though he knows that  he has been hit in the abdomen, 
is quite unconscious that his intestine is prolapsed, although a considerable 
arnoiiint may be outside his body. A man was hit lust above 
the pubes , he expenenced very little inconvenience. When the first dressing 
was applied, some of the small gut lay on the belly wall. This was covered UP 
with the dressing, and the man taken straight t o  an advanced abdominal 
hospital. When he arrived there he was in good condition, and in no paiii. 
Sis or seven feet of small intestine, perforated in places, lay under the dressing. 
He made a complete recovery after operation. 

When a small missile penetrates and wounds the intestine, there may be 
very little pain or disturbance. One man, hit in the iliac region, in whom a 
subsequent operation proved intestinal injury, was quite unconscious that he 
had received a severe wound. He  thought that he had been hit in the leg, the 
bullet having disturbed some of the lumbar nerves. Another man, a bearer 

Another case 
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in the R.A.M.C., who had been wounded in the abdomen, and, as subsequent 
operation proved, in the intestine, was brought on a stretcher to an advanced 
dressing station, but, seeing there were many wounded to  be attended to, he 
got up off his stretcher, and lent a hand. Another case may be quoted as 
showing how little distress a wound in the intestine may produce. It was 
one that  I saw early in the war, and which confirmed my opinion that the 
expectant treatment was wrong. Ths officer had a side-to-side penetrating 
wound of the abdomen. When I saw him at a clearing station about six hours 
after receipt of the wound, he was in good condition, free from pain, cheerful, 
and smoking a cigarette. he was dead of peritonitis 
in twenty-four hours. 

On the other hand, a man shot in the abdomen by a bullet or one of the 
smaller projectiles may experience a tremendous blow which may knock him 
out. Now this sensation of a tremendous blow may be experienced eveii when 
smalI missiles hit the limbs. It is curious to  remember that the blow or kick 
hensation is experienced by those who riiptiire muscle fibres whilc playiiig 
games. It is therefore legitimate to  imagine that the sensation of a violent 
blow has nothing to  do with an injury to  the solar plexus. 

Pain of an intense character is sometimes experienced immcdiately after 
the receipt of the wonnd, and i t  accompanies wounds both of the upper and 
lower abdomen. In  the latter case i t  has been found to  be specially coiiiiectcd 
with penetrating buttock wounds. The suddenness of the pain in thcse cases 
recalls that seen in perforated gastric ulcer, or appendicitis. This similarity 
suggests that the pain is connected with an irritation of the peritoneum 
by the bowel contents, although the escape of such matter may not be perccp- 
tible a t  the operation. Some people hold that the contents of the jejunum 
are more likely to  cause pain than those of the ileum. The following case in 
an example of intense sudden pain, and a board-like rigidity which so ofteii 
accompanies it. Thc patient 
WRS wounded in the back by a rifle grenade , he was admitted within four hours 
of the wound. He was pale, and suffering'intense pain in 
spite of morphia. His distress was increased 
because, having been hit in the abdomen, he was quite sure he had got to  die. 
He was taken to  thc theatre, and when examined, the only wound found was 
a small puncture on the outer side of the erector spin=. Operation disclosed 
oiie abrasion and three perforations of the jejunum. There was no visible 
escape of contents. Recovery was uninterrupted. The fragment that caused 
the injury was no larger than a large safety match-head, and so small that its 
weight could scarcely be appreciated by the hand. 

2. Shock Proper.-Everyonc understands in a general way what 1s 
meant by shock, and has in his mind a pictiire-of a patient in such a state. 
When asked to  define what he really means by the word, he will very likely be 
unable to  answer the question. As regards the abdomen, a state of clinical 
shock is produced in various ways - by a violent blow, by multiple intra- 
peritoneal abdominal injuries, by harnorrhage , by sepsis, which seems to  be 
of the nature of poison shock, and by pain. 

If a man is hit by a large projectile, the blow will produce shock Just as 
any other blow will do. Again, extensive 

He was not operated on 
Post mortem, he had a single hole in his intestine. 

It should be noticed that  the pulse was only 60. 

His pnlse was 60. 
His abdomen was like a board. 

The man is windcd or knocked out. 



GUNSHOT WOUNDS OF THE ABDOMEN 737 

injuries of the abdominal wall, especially in the upper part, with exposure of 
the viscera, will cause shock. This is also true of multiple ~njunes  of the abdom- 
inal viscera, aiid there can be no doubt that  the gravity of any case does 
rapidly increase with the number of lesions in the viscera and the number of 
viscera injiired. Apart from these generalizations, it is very hard to  make any 
definitc statement as t o  the relation between the amount of shock present on 
the one hand, and the organs inlured and the amount of iiidividiial damage on 
the other. 

Some idca of what a man’s state may be after a wound in the abdomen 
hasrbeeii given when speaking of a man’s subjective sensations, and it can 
there be seen that, immediately after the receipt of the wound that proves 
fatal, a man may for a considerable time be able to  pursue what he was doing. 
I may quote here another case illustrating this A flying man, well over the 
German lines, was hit by a hgh-explosive shell, the missile entered a little 
way behind the anterior superior spine, traversed the abdomen, caused two 
holes in the small intestine, and then lodged in the areolar tissue behind the 
pubes. The man brought his machine back, made a good landing, and was 
brought into the casualty clearing station near by in really first-class con- 
dition. H e  was operated on, and the wounds in the intestines sewn up,  he 
died within forty-eight hours of acute sepsis arising from the retropcritoneal 
tissue. 

Thcrc is considerable difficulty 111 ascertaining the connection between the 
actual damage done and the amount of shock. Regimental medical officers 
who see the cases early can form 110 idca what the extent of the abdominal 
inpry is, apart from the loss of abdominal wall or protrusion of viscera, and 
by the time the cases come to  Operation, thew are the added facts of loss of 
blood and sepsis. The aniount of shock seems to  be largely due to  the loss of 
blood, if one could only find some easy method of supplying this fluid, it 
is possible that our results might bc very greatly improved. 

A word may here bc said about the effect of lesions of individual organs. 
It has been stated before that iii the case of the liver one meets with some 
caws of shock which do not seem t o  be explained by the amount of damage or 
the amount of blood lost. Wounds of the spleen, even though severe, do 
not caiise much collapse, apart from hzmorrhagc. The same can be said of 
woiinds of thc kidney, but in certain instances they are accompanied by 
great shock, although recovery follows withoiit operation. 

The stripping up of the retroperitoneal tissue by blood seems to  causc 
shock oiit of proportion to  the amount of blood lost. 

The great pain of a small injury will often produce pallor, collapse, and 
cold extremities while the pulse is quiet. 

There is large scope for investigating this subject, and work is being 
donc thereon, notably by Captain Geoffrey Marshall , but this is only possible 
in qiuet times when medical men can be spared for the purpose. It IS not a 
question of prevention so milch as of cure, for it is impossible to apply thc 
ordinary anti-shock procedure to  a man before he is wounded. The clinical 
shock produced by sepsis is often very marked, and may caiise dcath in a com- 
paratively few hours. This, of coiirse, is also well seen in cases that are dying 
of gas gangrene of the limbs. 
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HIEMORREAGE. 

IIzmorrhagc stands out as the greatest enemy of the surgeon. It comes 
from all sorts of places (1) The stomach-wall vessels, (2) The omentum, 
(3) The small-intestine wall, (4) The mesentery of the large or small intestine , 
( 5 )  The retroperitoneal tissue, (6) The abdominal wall, (7) The abdominal 
vessels ; (8) The liver, kidney, spleen, and their vessels. 

1. Stomach.-Injury to the actual wall of the stomach apparently does 
not cause much hzmorrhage , but damage to  the vessels running on the stomach 
wall before they penetrate it, and to  the big vessels lying on the two curva- 
tures, does give rise to  very great haemorrbagc. 

2. Omenturn.-There may be a fair amount of haemorrhage from this 
structure. 

3. Small-intestlne Wall.-This is a source of Considerable hemorrhage, 
and in this way is perhaps a contrast to the stomach mall. 

4. Mesentery.-The meseiiteric vessels give rise to very considerable 
hzmorrhagc. A mesentery wound includes also a wound of the big vessels, 
such as the colics, and i t  is most probable that hemorrhage from these vessels 
is the most common source of blood in the abdomen when the cases come to  
operation. 

5. Betroperitoneal Tissue.-Here haemorrhage is a source of great 
trouble, it often raises the posterior abdominal peritoneum so as to touch the 
anterior wall when the abdomen is open. It may look like a large purple intra- 
abdominal tumour. This surface shows cracks through which the blood oozes 
slowly If left, i t  may become infected and the seat of gas production. If, on 
the other hand, any attempt is made to  find the bleeding point, the difficulty 
may be very great, even if the surgeon is successful. Whether this attempt is 
made must depend on the situation of the hzmatoma and the likelihood of 
injury to  the big vessels. Most probably the best thing is to  leave it alone, or 
to  drain i t  through the loin if sepsis supervenes. There is often considerable 
shock, out of proportion, I should say, t o  the amount of blood lost. The 
sources of bleeding are the local vessels, and sometimes the renal vessels or 
pelvic veins, or even the abdominal cava. 

6. Abdominal Wall.-In these cases the deep epigastric is the usual 
source of the trouble, and in one case the whole abdomen was filled from a 
wound of this artery. 

7. Great Vessels.-The big vessels injured are the vena cava and the 
iliac veins, in addition to  the renal and splenic veins. The abdominal cava 
has been closed by sutures by Captain Sampson, but the patient died. On 
aiiother occasion the rent was successfully brought together by forceps by 
Captain Taylor, the forceps were left on for the time being, and the patient 
was sent to  the base after their removal. The iliac arteries havc been found 
wounded, and secured. So far no wouiid of the abdominal aorta has been 
found at operation. 

8. Solid Organs.-The parenchyma of all solid organs bleeds freely at 
first,  but i t  is probable that  if no large vessel is injured, the hemorrhage will 
cease spontaneously in a few hours (four to  eight). In  one case, however, the 
splenic pulp was still found bleeding after twenty-four hours. 
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Attention has already been drawn to the fact that wounds of the splenic 
aiid renal vessels are often not immediately fatal, though the haemorrhage 
bursts out afresh directly the abdomen is opened, and the clots are disturbed. 
Although many cases of haemorrhage become arrested spontaneously when 
no big vessel is involved, yet therc is some amount of evldence to show that 
the blood may give rise to intraperitoneal trouble later, and for this reason 
an operation which merely cleanses the peritoneal cavity should not be classed 
<as entirely useless. 

The treatment of hamorrhage after operation is not satisfactory. and 
repeated saline infusion is powerless to prevent a fatal issue. Transfusion of 
blood and of citrated blood has been tried, and cases have been publishcd by 
Major Edward Archibald and Captain L. Bruce Robinson of the Canadian 
A.M.C. The cases are as yet too few to enable an estimate to be made of its 
efficiency in the class of case under discnssion. Alexis Carrel says that saline 
infusion should always stop short of raising the blood-pressure to normal, 
and repetition of the infusion is 'better than one large infusion. Professor 
Bayliss has reccntly suggested that an infusion of colloidal solution most 
probably would be beneficial, as by this means the rapid loss of fluid from 
the vessels might be checked (Proceedings of the Royal Socaety, B, Vol. LXXXIX, 
1916). 

SEPTIC ABSORPTION. 
This takes place in four ways (1) From the peritoneum, (2) From 

the rctroperitoneal tissue, (3) From the wound itself, and (4) From the 
operation wound. 

1. Peritonitis.-There is nothing peculiar about the peritonitis, compared 
with that seen in civil practice. Perhaps one of the most interesting things is 
the fact that many patients have a remarkably good appearance, although 
their extremities are cold and they are practically pulseless. To look at them 
one would think that they could stand operation. but a further examination 
shows that this is obviously no good. 

Peritonitis is the usual cause of death after thc period of shock and 
hatmorrhage is over, death may occur within twenty-four hours, or be delayed 
for a week or ten days. The first variety may be called the fulminating type, 
the second the dormant. It was the latter class which was seen so often at 
the beginning of the war. These cases might or might not show signs of 
peritoneum involvcrnent when first seen. If there were such signs, with rest 
in bed they would improve for a day or two, and give the impression that 
things were quieting down. There might have been some vomiting, but 
this often subsided, and the tongue kept clean. Thcn the abdomen became 
tumid. Rut the general condition remained fair, and the pulse, if somewhat 
rapid, was of fair quality. In  some cases the patient then became obviously 
worse and died. In others the patients remained moderately well, or even 
appeared to  be improved, and were sent to the base in consequence, with the 
belief that they would recover. In some chbes the journey to the base seemed 
to light up the septic process, and they died soon after arrival. Others 
struggled on €or some time further. One case may be mentioned in this con- 
nection : A man was shot in the abdomen, kept at a casualty clearing station 
for eight days, and then evacuated apparently doing well. On arnval at the 



740 THE BRITISH JOURNAL O F  SURGERY 

base he was ill, and was found to  have a large iliac abscess, which was incised. 
He  died on the followng day. A post-mortem showed that into the fmal  
abscess there opened two moderate-sized holes in the small intestine. It is a 
remarkable fact that in this case the bowels had acted norinally on several 
occasions. 

The amount of peritonitis present when operation is done a t  an early 
stage is very various, and within certain limits-to judge by the naked-eye 
appearances, which are known to be deceptivc-it i s  not so dependent on the 
time elapsed since the woiind as might be supposed. It has been found present. 
in a marked degree in the case of a wound of the upper ileum after three and a 
half hours, and has been practically absent in the case of woiinds of the 
jejuniim after twenty-six hours. It is riot altogether conimensiirate with 
the amount of frecal escape. A s  regards prognosis, distent,ion of the intestine 
IS a better guide than the amount of visible inflammation. If the pulse is 
good when the abdomen is closed, thc prognosis is good. 

Peritonitis is, of coiirse, bronght about i n  some instances by contamination 
from the bowel, hut one must remember that the projectile carries in  dirt. 
even if it does not carry any clothing, aiid may in this way cause peritoilitis 
apart from any bowel injiiry. The fatal micro-organism is the streptococcus. 
The anaerobes do not seem to be able to  flourish in the abdominal cavity. In 
this way the peritoneum resembles the synovial sacs of joints. The projectile 
is often not found, and need not, I myself think, be sought for, though some 
people think otherwise. It is vcry difficult t o  find, aitd the search for it may 
result in a grcat waste of time. 

The dissemination of infection is, I think, more a vital than a physical 
process, though of course septic fluid and stomach contents do gravitate to  the 
pelvis. Blecding of the mesentery, when in conjunction with a wound of 
the bowel, must have a definite influence in the spreading of infection. In two 
cases Captain Sampson had the blood 111 the abdomen examined, and this was 
full of streptococci. 

A word may he said here a.bout the progress of the patients after opera- 
tion, putting aside those who do well from the first, and those who never look 
like recovering. The post-operative cases may be roughly divided iiito three 
classes (1)  Patients who do well for thirty-six hoiirs or so, then go through a 
critical period, with abdominal distention, vomiting, and a rising pulse. They 
may eventually recover or snccumb. (2) Those who arc troubled by sickness 
coiitiniiing from the operatioil, but i n  whom the sickness diminishes and the 
pulse-rate falls. (3) Those who vary in an astounding manner from day to  
day, so that one can have no certainty of the ultimate result. This condition 
is often independent of the condition of the bowels, which may be acting. 
These are the eases spoken of by Sampson Handley in his paper in the Lancet, 
April S, 1916. The cases referred to  by him were those of pelvic peritonitis, in 
which the lower segment of the bowel is mostly affected, in the eases under 
discussion, unfortunately the infect.ion was often in the upper portion of the 
abdomen. The two classes of casc do not seem to be quite on a level, even if 
we admit that the dilatation of the upper segment is a scptic and not a nervous 
phenomenon. However this may be, it is a most difficiilt point t o  detcrminc 
whether operation is likely to do good or not. One sees so many patients go 
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through a critical period and recover, that one fears to proceed to  secondary 
operation lest one might turn the balance against them. It has, however, 
been tried on several occasions, with very little success. If i t  is done, the 
method advocated by Sampson Handlcy seems to  be the method of choice. 

2. Retroperitoneal Sepsis.-A series of post-mortem examinations after 
abdominal in] uries (made by Captain McNee and Captain Dawsoii) has demoii- 
strated the frequciicy of rctroperitoneal sepsis in cases supposedly dead of 
peritonitis or shock. It seems to be proved that this cause of death is much 
morwcommon than one supposed. The condition may 
occur in two forms, (1) gaseous, or (2) non-gaseous. It may occur with or 
without a bowel lesion, but more usually with. The colon is generally the 
portion of the bowel implicated, biit i t  may follow wounds of the duodenum. 
The infection is often one of extreme virulence, so that a man on admission is 
dying, and this even with an open wound. In  other cases it may follow a 
small innocent-looking wound i n  the flank. When, on account of symptoms, 
such a wound is explored, the retroperitoncal tissue may be black and stinking, 
or full of gas. At other times an incision shows only some blood-stained 
areolar tissue without smell. A simple incision may be all that is necessary, 
and the symptoms subside without any signs of violent infection. At other 
times the discharge becomes foul and evil-smelling, and the patient may 
succumb. Again, a loin wound may go on well for a time, then the patient 
may show signs of absorption, develop a fmal  fistula, and recover. At another 
timc the skiii of the loin becomes bronzed and crepitant, and the man dies 
rapidly in spitc of incision. Bronzing of the skin IS a curious manifestation, 
arid its causation is not altogether obvious. I n  certain cases i t  subsides 
withoiit any ill effects even if left alone, but it is so often accompanied 
by ‘gas infection,’ that it is well to  incise it a t  the earliest possible moment. 

It seems more or less of an accident whether these retrocolic infections 
develop gas or not, and I do not know that the formation of gas is a worse 
sign than its non-formation, if the ordinary signs of sepsis are present. 

It is this sepsis which causes the high mortality in cases where a colon 
anus has been found necessary Here the bowel has been widely wounded by 
the projcctile, and the retroperitoneal tissue and muscles have been badly 
damaged. It seems impossible to  stop such infcction , by the time the case 
comes under treatment it has got too far ahend, cvcn though the paticnt 
a t  the timc does not seem gravely ill. Even widcly open drninagc seems 
impotent. 

A rather striking manifestation of the gaseous variety 1s seen when a retro- 
peritoneal hacmatonia beconies infected. This may be palpable from the 
abdomcii as a well-defined tumour, but resonant on percussion. Exploration 
reveals the cause-a gaseous hamatoma. 

3. Sepsis from the Projectile Wound.-The wound caused by the missile 
mag a t  any time show signs of sepsis and gas formation. In fact, it behaves 
just like the wounds of muscle in other parts of the body, and must be dealt 
with in the same way It has caused death in a certain number of cases in 
which the intestinal lesion has been successfully dealt with. It used to be said 
that gas gangrene was not common in the trunk my experience has convinced 
me that this immunity has been much overstated. 

Gas was often found. 
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4. Sepsis from the Operation Wound.-This, too, becomes badly infected 
in many cases. The cause may be a faulty technique, but I think it is nearly 
always due to  infection from the abdomen. This is not t o  be wondered at ,  
when nearly all abdominal wounds are accompanied by blood effusion, which 
is itself grossly infective. Very often the operation wound is the seat of 
intense infection althoilgh the intestinal lesion does well. This is comparable 
with what is seen in the behavlour of the operation wound and peritoneum 
respectively in cases of acute appendicitis. 

4 
12. 
18 

GENEBAL STATISTICAL RESULTS. 
Table 27 -SUMMARY 

Total number of cases 
Arrived moribund 
Total mortality (excluding moribund) 
,, mortality (including moribund) 

Considered with view to operation 
No operation considered advisable 
Total operations 

+Stomach mortality 
*Small-gut mortaIity 
*Colon mortality 

,, operative mortality 
,, hollow-viscera mortality 

1288 
250 
5006 per cent 
60-2 ,, 

1038 
73 
965 
53-9 per cent 

52.7 ,, 
65.9 ,, 

64-7 , I  

58.7 ,, 
* Uncomplicated by any other intestinal lesion. 

Table 28.-CHORT TABLE OF OPERATIONS, 
SHOWING ALSO THE NUMBER OF OPERATED AND NON-OPERATED CASES. 

-.  _- 

OPERATIOFS 
-. -. _ _  .. 

1. Suture of stomach 
2. Suture of stomach and other operations on the intestinal tube 
3. Resection of small gut 
4. Resection of small gut and other operations on the intestinal 

5. Suture of small gut 
6. Suture of small gut and other operations on the intestinal 

7. Formation of small-gut anus 
8. For small-gut fistula 
9. Suture of colon 

tube not included in (2) 

tube not incIuded in (2) 

10. Formation of colon anus 
1 I. For wounded rectum (proximal colostomy not included) 
12. Proximal colostomy 
13. Cceliotomy, no hollow viscus. perforated 
14. Cmliotomy, livcr wounded 
15. Kidney, exploration of 
16. Kidney, excision of 
17 For wounded bladder 
18. Spleen, exploration of 
19. Spleen, excision of 
20. hlisccllmeoris operations 

21. No operation advised 
22. No operation, moribund 

Totals 

0 RASE DIED 

5 34, 
59 I 71 

17 ~ 33 
7 

50 52 

- 

2 1  1 

89 I ! 33 
76 I 38 
25 I 7 
6 7  

11 1 1 4  

1288 ! Grand total 
----___ .. - .~ - 
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OPIRATIOXS 

_ _ - ~  

Suture of stomach 
,, and small gut 

____~ - 
T O B m  DIED I TOTAL 
26 29 1 fX 4 6 

2 

-.--- 

- ,, and small g u t ,  gastrqyunostomy 
,, and great gut 

,, small gut, and colon - 
,, resection of iimall gut, gsstrojejunostomy - 
,, and colon , resection of small gut ... - 

colon anus - 

, ,, and colon, gastro~qunostomy I T  

1; 

,* 

, ,, resection of small gut , gastrojelunostomy , 
9 9  

lateral anastomosis 8 

,, colon anus 
Resection of small g u t ,  circular enterorrhaphy 

: I  5 
1 

2 
1 1 

1 1 
2 2 
69 87 
18 26 

,, 

,* 

,, colon anus 
,, suture of rectum 

Suture of small gut 
,, aud colon 
,, resection of colon 
,, colon anus 
,, and rectum. 

Small-gut anus 
,, fistula 

Suture of colon 
Caecum 
Ascending colon. 
Hepatic flexure 
Transverse colon 
Splenic flexure 
Descending colon 
Pelvic colon 

Colon anus 
On rectum intraperitoneal wounds 

, extraperitoneal wounds 
Proximal colostomy 
Coeliotomy no hollow viscus perforated 

On liver 
On kidney exploration 

For wounds of bladder Extraperitoneal 

, I  non-penetrating wound 

nephrectomy 

Suprapubic cystostomy 
Drainage of wound 

Suprapubic cystostomy 

Suture 
%, Intraperitoneal 

15 
3 

59 71 130 
16 , 26 42 

1 1 
6 

1 1 
- 7 7 
2 1 3 

8 5 IS 
13 12 25 
7 9 16 
5 8 13 
4 6 10 
6 3 9 
7 9 16 
13 86 49 
1 2 3 
2 3 5 
4 10 14 
77 1 30 107 
12 3 15 
76 88 114 
25 7 32 
6 7 13 

0 9 15 
3 1 4 
- 1 1 

- 1 1 
2 4 

- 
f i1: 

1 5 
- 

4 
,, splenectomy 4 12 

Suture 
For wounds of spleen exploration 

For faecal abscess 1 0 
1 

I 1; 

For loss of belly wall 
For prolapse of viscera 6 3 
Tube to pelvls - 4 
For contusion of belly - 2 
Loin wound enlarged 3 2 1  

- 

16 
16 
7 
1 
9 
4 
2 
5 




